^jJu Jp « j^Ij jLc. Ola £l_^JI » ^.UT ,y £JWI pjUl jl^uu 
ojjk J* UjjP Jul j ^ ^sU jljJUl jU~JUI jUaJl jjl »^jUI 

.(11 Jl 1 y) J/^l .jfl ^ ^Jb (16 

,Jl * <^ «J>^ JL-L^I OLJI» 12 J^aiJl u^Ju 

oUUaJIj JUUiJI oUUiJI J^iJI lift J U>*! Jui .dJWI ^JUI 

C*I»UoaJIj ;(<Ui* Jju »Uoi JeUu uU jJ? Jju Oub" OULai 

jli JuL^j *Ui J UaiU Ol^i^l iiJiJ > ^..JirJI 

jr-r J* jJail ^ftJiJ jo- J 3JLUJI gljdU itfjijH v 1 -^ 1 » 

ojjJi^JLl C^Ulzd! ^ uiJjil ^^wJoJi ^bJiJI *UoaJI i-ljj 
5***U Jol^JI ^^fix <kJj- jTJJI uiiUI *UiUI Jp oLyhJI 

i^UU JL-JjJI ob >JI i SJUUJI O^jUI i 13 J^aAJI J 
Jl UsUI p2JI oli gljdl J*-l ^ S^bdl SJUUdl oViUI J>4 
jjp V*^! ^yy* J>bv« Ola 3Ja>- SJabc* J*- .^j^JiJ »Uii 

^juL-j J* J*a*i ^Ul lift 5p-I ^ Uju* 4 ^ijl ^1 ^b" J&i 

IJub <y O^bc* ibr j( cjU O^L»U« Oli SJa*- aJjU* J jL- ^jk*; 



3 
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14 I yaii\ Ul £j&'(J2u j\) jwu *Suj0 o^l Sj^JII O^UUI 
iihjf- Itlil jCio ^ i^jji J~M-j L.L-1 ^4~» (sJuUdl jj^tJI» 

.J-!5U1 oik JLLtij VJ UJ 

t oibdl ^LLaJ-I 4j^kJ1 v_JU- J1 1 1£ jj* Jjj* » 15 J*a*J( J jUsj 

. Jij* i^>U- <a^j IujlajJI i»-LJb XJaJ J5L- • 

. ii*w ill iJucu 



JUJU 



4 
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Jl4 dUi J*. l4*>Jj Vjwj 



i.a./jjl »L9»"VI fJtfci <;Lf j iJa* jtS"l 
SJLill iL-.aJI 



Bourbaki ( 1938) 




5 
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12 J^aiJI 
JJbtJJ l^L,^\ OLJI 



jl * ^kJb : I jfiii. JUS Jbu 



3Jtt 5 y I^p jl&d . ( 5. 2 § ) wLjJI OLJI J ONI JJ LJSJ 

0j A*>£* Ob>jJ? J££J ^IjiJIj .il.Xp'ifl <jl if 4 0Uj*j>JU Aj^iaj 

JJL>id) 3L-.L.I ci>Lj Jl J*aJ Dl . oUj*j>U ajj> JuUJl jj^tjiM 

^ ilsr J£Ji J ^-.i^J 5JU*I Jpjj^i 4 oIpj*j>«JII oJla J* ^ jLi 

:SJIsJI wljl oLJI Oj^Ji QSUj .(^/^.t^Jt) ^ JlaJI 

^^fL> ik-«l y ^aj *UoaJI iCj|,L~« J&i Jp JJip J j^cs- 

Jt JU&^ll (^cukuL) ^cJuaJI jC*; j*- (« Banach £tJLJ i) 

J5w J ^JLJI *tji-l ^ £*oJ JjJLAI »UaAM T^bJI 

6 
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Udj) Jj u^«i Jlji»L J**Jlf (j-^J j^^" j*J olfLv* 

- * 

t(JL»L» ojJo ^1) JLyiJLiII a_j*L*JUI oUUoaJI Jl J-a! LjU LfU^> 
^Jbr Jl Sjfdll jU/^I Ob (<;Jdi^l jl) VjjW'j Vr^'j 



L 

r 



r 



1 



L 



J 



ol^u- ^ tftUut ^Uij» »u«fl Ua- 11. 12 

jUp^I Cjuu j^i ojJ^ 0^ ( 16 - 2 ) ^ n tf* s* 2 ^-' 

luyJ jaKJajU JpKL*U£. *Ui i>U J-J^ ^-j J* . ( 22. l ) 
3JL*j ^J-l IjJU Li j*. ^t-J .LSI 
:3JB OVUI JS»*S " (X JiJ-l ilJ*l) al^l j 
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. K J % 4 V i x jlT + y) + 2 = x + (y + 2) . 

>\&> x = o + x ^-^ (^JwdLI £UiJI ) O j *i Jf j Jb;-^ . s~ 

. x e k ois" 

a; + y = 0^-4 * ^ K 6 y^r*^ **ry. K} a: J*" J*-* CS • a 

A" J a j K j V t I W" a ( x+ j / )=aa;4-ay . J 
K J P i a • K e * jlS' U^ 1 (a + P) x = cue + Px ^ 

. K 9 * jl^ W« 1 -x = x . ^ 
K J fl ia j K9*jlS' U- a(px) = (ap)x . jp 

■ - 

jIjlpVI Ja>- X JLU olS" lit . R L* «J j-«jJj UJb- Uki 
. C ->. *J li^A* LpUi »Uai K »LiiJI C <L> JuUJI 

.UJLU ilj^Nb i*UU 12. 1J jlj&J j _ \ Cj[L~» 61 . 21. 12 
a-S-aJ-I jIjup^I ^ 3. 1 § J l,A<- U ^Jtdl ol» IjJj 

<— > olfL** c ^*«y ^« Jo - j o|fLJll <uLL> ol* «ul^ j i» ^<lp 
i^jjl u^-Jl y» JjS'i . J-a» <oLU 22.1 j*** aJjI^JI aJLaJ-I jIjlaMI 
SJU- J 4.1 Jj Oijj ^1 dH" Jaii Ob JfcJI Juu J«ft 

i jUjJI j jTJu ^Jo jjJu tUli J^" jll LiUiJl .i>USJI oUUaJI 

:4jfe« ^ 

SljUl KBiJS' J*-l LaJ .(I _ 74. 1 J iL\W 4^i2J!) J 
JLU y jjiaUj ^Vl ui>JI J ^UiU L* >ji)0-x = 



8 
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j] a = L.JJ oli«^ = 0olS' - 74. U JUi^l 3^1) 



:^ _ ^ ill. 12 u^p- bjj ol» a^O. ulS" lit dJi 

1 Inn 
1 = 0UF = -0 = 



a a 



SljLJll K9 * J_T J_*-l ^ LjjJ .(94. 1 J U2\±\ waJI) 



oUUaaJI iujl Jl ^jJU . iLcUJJI oULaaJI J iLol . 31. 12 

: B iJLUI jlj^l Jfc. 

(6.2 J) ft juJI R n JLaJ-\ *UiAJl . y 

Jp Xi^dl (5JLSJ-I ^1 Oli) gtjdl JT ^ cjUJII « (£) *UiJI . >■ 
^•jf-l (io.uJI ^l>JL; t£u*UU) ^Jjbdl JcJUjJL bjj-« E a*jJ? 

.(V - 13.4) UJbU jlj^l J yjviJIj 

Qci _^ll A-S-ii-l jIupNI j k_j jviJI iJu* j a-J-I aJUju bjj> (R j^jLji*. 

. 2L*U-UI pill Oli ^IjJI o>~^ iij^kj 

(* + y) (0 = * W + y W. («*) to = a * (0 

Oli jsoUJl JS* ^ oUjll t #JiJ»l * » : n JuJ *UuJI , ^ 
J&W ,y I ft [fj> a>-lj JS" <j£Ui («»» • • a„) JSLiJl 

9 
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J u/* 11 ^f 1 *^»*-> *U*ill Ilk ^ K 

(a„ . . a n ) + (p„ . . ., p n ) = (a, + p„ . . + PJ 
P (o lt . . a n ) = (p ai , . . ., pa n ) 
XjUt Jl i-* 5 ^ |sSM Oti glyJt Jvl>l K{E) »UaJI . ^ 

^1 (^1^) ^"^1 t^^L A" (^) aj> 4 E J* 5i 

£l jiU ) i^*^ 1 i^r^**^ K ^ *.)j> <• E ** j-*^ 1 J* **j*itj 

<*) M ^ju *Ui 
^ Ji^ Jt UiUt ^1 oli ^1^ Jl JliU lift ^ 

» _ 
gljsJI l^J ojSJ aJU-I Jt ^ JtiU jNt gte-J ^ 

Jlp-Ij oT J L>jJ 0->- : n JiaJI ^/^-l *UoaJI J ^ Oli 

:(18.5) jl^i-^l ot~k^l ol~l~JI 

^ > *Ui J* <ij*i\ o^.7..,,U ^l^JI JS" <y JAp R° n (M) »UAJ| . J 
. n JLnJt fl n ,,/JiiU *UaiJi J ^aJI oli t M 

C 3 (M) »UAJI i^ji SjLi^l jj^ JliU 2U<»U- <5U- . J 

_ 32 l y^J> ^ JtJuJU Ijuw IjLsdtil 
10 
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( 1 ) + . . . + <*»*n = 



:(1) Sljl II £ .J-JL.I lit 1—1 .JL^Jl^ L^IT j^-Sj jl jjj 

Lfei- a!a" m .>b 1^1 *i, • • •> a: n 5*^1 ^ J^iJ LJliai = . . = a„ = 

UUti n til ( n Juy ji jl) n jU^I ji LpUJI »Uai jl JjU 
K *Uiill jl J jaJ LJlin = 1> 2,- • • jlT ^ K »Uoi J Uai- aIax»« 

Jju 

jtt K *UiJI LLT UUi a; j L.UI /i. •••./» jlS" I il . K 

ColjJ JWL* -X*->ij Lki- aJLS^~« jpP |f»- ^ X, fi, • • •» /n iitiNl 

«<* + + . . . + aJn = 

^p /i, • • •. /n iti^l CJl£J o^Jj a =?*=0 jli JJJi Jp oilj 
■ ) Pj = — aj/a \ jj a ^Jp L.U....J lil . LJai- A_Ur»>< 
^L-MI Jij * £U£JU (JJ* jl) dLSX" Jp J^* 5 -1. ; • - n 



fu • • •, fn 



= Pl/l + . . . + P„/„ 



A, • • •< /» CJl£J o^jij) Ju^j viiSUsJI 11* jl 

. ( Uo>- 

f_>fix « »Jmu ^U-i »Uai (16.2) R n «• JmJI li »LoaJI jl . i 

:i*^NI jU <U*U» . jA-JI *Jijj*JI 

= (1, 0, . . ., 0), . . ., e n = (0, 0, . . ., 1) 
11 
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. ULci n + 1 JS" jl i>>- J . JU-I 4-n.Jaj Uai- 

k+i = (*<»«>, ...,*««>) 
K n »UiiJl 46.2 l y+J> oLilj U j t LkJ- 4i&L~« ^ AxJtl 

.JjLJI uiiycJI f^^A* law n j'i 31.12) 

■ 

-J y> jj . -<x><X<ao : ^JcJW Jp jc* j£ Q . J 

ii^l (oU-jOJI ^ ) p(x) = a + a,x + . . . + a n x n 
^jcJUjJU *LoaJI Ula jjji JC L**t^ J**" C'^l** olij Q. ^Jp 

£l>dl jl . XJUI Jp ^Lci *Ui P (Q) .UaJI o! .^budl 
aJUI oljLil L»jJ o\ ju n jlS" ^ U*>- iAii~» 1, a;» • • • > 

: Q J* 

a + CtiX + . . . + On* 71 ^0 

( q *0, Xu • • M*n (lukiJW) p2JL JI^JI Jp 

ao, • • «n J o^^U. iU- Jp 

a 4-ai*o+ • +an< = 0, " 

a + a i x n + . . . +a n a;|| = > 
:4_^ij . ( Vandermonde j — J^_. xJLi Juw) ^JljO jwc* U jJt 

. u r > J hd\ yjcco = ai = . . . = cc n = 

4lLa jr^ JUu »Ua)I ol V <i a" ufi 

J*" ^ ( # 8 (M) (C (M)) *UiJI ol 

Jjv M js- ^ Jut *Uii Jp e j^^-il (ajJlaaJI) A-S-aJ-I 

*UwJI J Lk>- bub n jp ra = 1, 2, . . .. J>-l j» vl«>«J 

<>£J, M *UiiJI ^ 4_ikit LUX h, . . ., ^ . R* (AO 
JLJU-I ^jOiJJ y = q> (x) l Jt :.„.» but d = min p (< it *„) 

12 
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p (tj, t) gUI jl . <fi<|a: |J»-I 'jx = J»-t »>• i; ^jLj 
U.I j^u-i */ W = 9 [p (0. t)\ oil ( V - 21 - 5 ) ' J 
J*-l ^ 1 tAlliJl ^jlw a:;(0 gtdl £1 (51. 5) f J 3L-JL 

:U^UI J>ju . t = t k ,k +j a* J t = t l 

ai^i (0 + • • • + V n (0 = 
a y = J* J-*»vj < = ^ ii!>UJl ol* J ^ • AT JS" J* 11* j 

gljd! ^1 j5Ua-"ill jL ( (/=! »)..) 

L jJ jlT lil K »UaaJI j> LJj»- *Lki E a K i«Jj»- A* jj? . ^ 

iJuJI OlT l^j E j y j x jlS" ^ ax £ E j x+y£E 

(_JJjil *UuJI I,* OU^li- Ot3j>- jl*Uai K ^UJL *Uu JS" j Jl*-^ 
lJ o~>j . <UwiJ K »tiuJlj c ^ JlmJJLI j^ij^l *Uiill js«ai*JI ^ 

iJIJJI iJ>M oUUiil K ^ SJjJ-l oUUuJI JIU 

x = *i + . . . + x n , x, 6 L t , . . x n e L n 

rluUSJI CJlT til f\ Iju^j dLSUJI IIa o£j 

(2) * = x t + . . . + * n = I/i + • • • + y n , x } £ L h y } £ £ 

- 

*\ = Pi, • . ■_, x n = y n ^ jk~J ( 7 = 1, • • n 

( 3 ) = xi + . . . + x m , x t 6 L u . . ., x m 6 £ m . 

= . . . = x m = : jli 

1^ . Lk>- <U. - >.~* i-LS" UU£ » SjJ_^ oI^UaaJI o jjbj 1 1 ^ jLj 

13 
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Uobul OUUoaJ j%iL« J^~" (J ^ n *U<aAJ' ^-**J ^ Ja l ...J 

.*LSl R« »UaJI M L 

iyj>- Ol*Uail j£La gjJ? JSLi J K. »Uai lil 

^Ufci J o\£jHj M OULoaJI oIa (>i*Uai jl* l»u • < •> 

.(54. 2tl4) fjudt ^UAJI jA Jls-Ij 

_j Jil&JI ii^U! y . a: — y £ L jlS* b| K o i ^Jy- *LiAJ 
a: { Ja** j*ai*} SiilSm y j^sLjJI ^ SaJ^II X 5*^JLI 

j»J> X, Y, . . . ^ ^ i*i>Uii! ^ *J y-^Jl 3UI K. *Lsiij| Jix 
jcuUp K/L \py^S J* Jj»J t K/L _j i^_jAvaJl a la A#j^j>tJl 

ju^} ( t l y. i - xp P t * j Cm-* y j x .jyi ^ji i^Ja*- 

tjjj^a^* <Jl£ **j_^u i tjfi j& I jJ> jUi Z = aX -}- pY oUaJI i_aj>jj»J 
t z = ax + ^.ijjl ^ ^4 ^jjl Z c-i^aJt J* V 9 Y j x 9X 

^« ouaII la* ol J* jl* jJI «X + PY ^ ^UaJLI uA«ai) j> y 
11. 12 OlfL~C jlo<>."J AAj^kJI sjkf- Jci»-Jdl (jcJLjJt jjlj oJl^»-j iijjiaj 
JUL jAj K cLsduaJI ^ ^ jJI K/L »LsaiJI y-^ jl 

14 
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J LUaJI oIa JS - Jp .X cAvaJI j^bJ S^jJiJI 

.[84. 2t 14] 

Jij L t \JuU *Ui UjT aliliJl ^JJI K/L »UiJI 

jt) % A U" Y .UuJ! J X .UaJI ^ y = a (x) J^JaJ 
<y Aii* iJUl SljUl CJIT lit Y »UiJI J X ,UAJ| ^ (Lk>. 
a 2 t cti jiiA* JT J*-l j^j X »LiiJ| ^ ar 8 4 Xv y^j^s- JST" J>-l 

: K .y 

© (ai^ -j- a 2 a: 2 ) = <ti© (a:!) + a,© (x t ) ^ 
©jl J jaJ LJli Y ,Ui J* X »UAJI ^ ULJaJ © JJU" olS" lil 

jj^- y »uiJi jr. j*x »uui ^ ^ .Llu *ju? 

0) JJIjJ JU-NI ^ J y^ .(25. 2 OLJI JTLid f UJI ^ 

©: X->Y 

j^cs- JS* J-a< ^jJI © J. _ >.> kj l oli Y. ^ iJj^. X jis" |i( 
Ul t © : X Y (jiLi. Jilx Y ^ '\ j^s- oL^ All •> j^il X 3 * 
4^ i^JJI Y/X3UoUJb Y?i JT ^JJI'©' 'jJosJI 
. ©' : Y -+■ Y/X : ^.U. JJU" * j^jJI o Jla <J 

^» JTLii* X Jl*- Jp K n ljuu n j tUii JT jl . <OjJi» 

. K n »UoaJI ^ Lk>- aJUi^ UUJt w SJbr /„ . . ., /„ ^si . ola jJI 
/ x a: = aj/t + • • • + a ? /n 

dJUju J^tsi . X n 9 y =(«i. •••-<*„) ^U*Jb a; ^U-Ul J^j 

15 
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tj\ t^cJaiU (j^^JUjJb <.^ff\j jA \£ i iai.~-< © : K n -*- J^Uj J* 

. i? n _ m . ^ JTUi, ( m<Cn^) RjR m .J\^ 

J-S^tJ Lu£/ j^Ui Y'j X JIT lit .iJjlS^Jl oUkfcUl .J 

fc£JI OLJUiJI JT JUJU (28.2) P(X,Y) JjI&jJI 
<£JL*II JjL_^.jJI J* J__^Jt_i . y 3 (/ j X 9 x * (*' ^ 

<*i {x u yi) + a 2 (x 2 , y 2 ) = (a t x t + eijXj, + a t y£. 
*UoaJI ol jj^jJI ^ .Aiisi 11.12 O^L-ll ji j* <i oS'lj 

X* = {(x, y): y = 0}, Y* = {(x, y): x = 0}. 
JJJi Jp Silj bjJ .Y j X ^.Uill £• JI>JI J* (O ) ^lis* 

: P(X,Y) 3(x,y)^p J^l 
(x, y) = (x. 0) + (0, y) 

X* J JljJl J* oL^l. ^j*. Jl (*, !/) ^pA^U ^\ SSJci\ jl 
a» SljUl laTj P(X, Y) J ^J. | ijuju y-^) jl^j JJLS^ijY* j 
j* Y j X Oi*^ ^ jl& Jd» »Ufl oU lj£*j . ( P (X, Y)) j^ls. 
j X ^ J* jdS'lidl Y* } X* Qw'jfl ^UiJ ^iUI ^Jll 

. Y 

UaJ*\ ol^JII . 51. 12 

: 1» ^siJI Jiat A: X ' Y J-JiJ Y 
A (a^j + a 2 x 2 ) = aiAxi -f a 2 Ax 2 



16 
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X *LaiJI J Jai- A jl J^SJ X = Y 

. ^JL«JJll yjll Y j X ^, ;> JLM ^Ja, 

c X J ^ ^ ^*Jb X 9 * £UJt JT J**, ^JJI jjjll jl .>■ 

. E -j <i3 ^UaJU yjJU ji y> jjjll II* 

*Ui X l^J oj& ^Jl 5JU-I J <L*U- ^tiUa^^l IIa J.«: ., . 4. Ja> 

^Ul » ^LksA4 Jlfjc—I lJaj Lf^ jmJI jlT lil Ul jax^ js- , o Jju 

lu£r Y »L^i J X »Lsai ^ A 2 j At oUa*- ol j^V* J^-j lit . j 

- 

SjlpUJI cfc ijLP J Ai A t -f A 2 

(A, + A 2 ) x = A l3 ; + A,* «J 
(aA t ) a: = a (Ajz) ; 

• Y J X u* ^ J*> <> ^> J J^J 

ilap^l J ^jj) SJUpj ol^l ot *iw-!iUI ^-Jl ^ 

J£fiJ lj£*j .^UUI »UuJI jJL* qSJ. £\ ll. 12 olJUL jUutf 

J X ^Uci »Ui <y UaSLI ol ^Jil JT ^ JUJJU L (X, Y) i^jJU 

j£\ L (X, Y) »LUuJI >^ ol . UUJt »Ui Y ^U* »Ui 

y *ui j x *uii ^ uk>- \jy b oir bi .oiyjii *IJ*- 

(j-i; OULsaII ol* J£J) Z *Uii J Y *UAJI ^ Uai- I ^J> A olSj 
z j x ' 0* j** AB jUtf-L j| p = A-BjJJU oli (K Jid-I 

: jji-JI J»J 

Pa; s= (AB) « = A (Bx) 



17 
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p = AB <LU J*a*dl j5jll 01 . ( Y »ksiiU CJ wU i £Ui Ba; A»wJl 
:5JUI Oli>UJI L.JJ . Z J X ^ Jw- ji> 

a (AB) = (aA) B = A (aB) 
A (B, + B 2 ) = ABj + AB 2 , 
(Ai + A 2 ) B = A,B + A 2 B, 
A (BC) = (AB) C, 
j a &\J>$\ V A— ^IsLl 0^'y 0* J!** <jj^ 

4 ° , J i > (j** A, Ai,A 2 l>\ iK ja Juf ijuj OlS|UJI olft 

'UiJI J X *UiJI ja Oly> B, B,, B 2 j t z *UuJI J Y *UuJl 

- 

Ex Uj^j til . z j W . ja Ol^> U» o^Nl SljULI U> Ul cY 
0* VkJ» SljULI U.I U,JJ Ol» X (Y) *UiJl J Sj^I J}k ( E-y ) 

: Y ^ X ^ B jy JS- 

EyB = BE X = B 

^ U_^p LLxJ ^-J Vj viJl IJla j5J .X J ji> J* S-LaJI oJu juy 
aJU J . AB # BA 01 3 ' olJUi ^ jUpL of 

: X j A y> 0^ u J 1 x J OljJjll 

A» = E x , A 1 = A, A 2 = A -A, . . ., A h + l = A h -A, . . . 

(1) P(» = h % a * %h 

( 2 ) n(A)=S«^" 
^ h=0 

.(1) JSLHJ Siil^M AjjJ-l ^jjp OUitjJ (2) 

18 
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lil Xx* .Y j X ja X.U* J Y »Ui ^ A ^ 

jLJl B yjJLI ^ jj^g A. y£\ o\j AB = E x , ^ 

jJ. JuU X J B j£\ lil . ^1 A yjil v> JLLi B jjjll 
jlS" ol -O^ 1 <>» *J j jLJl ,yB J L^it X J oljj^ll 



A = AE X = A (BC) = (AB) C = E X C = C 

s jla (J <>*) jl«*Jl t— > JS* SajLJI SIjLJLI <y 

vjydl A = C jjjll II* ^ . c = A J J>lk» B jj^JLJ iUU-I 

. B~ l -j <U JjL\ VJ^* 

JJLi Ol jJ^« J*ry Ajl <Lfdll ibyMI oli OUUiiJI <JU- J ^jwJ 
(AiJb>JLI jLJl Objiill ^ J>*"j) J^J' i>" Lj^ii* 

*JI X = X' ^_>r *Ui • x »Ui ^ !y> A j£J . J 

. X' 9 A* J! X' 9 * tf/l lil A juteV 

:OlT lil 

a/ = x/ (xe*) 

JS" ^ U3> JuJI Jus-j ^j*- JJ^» f Jli ^U-i JT <jl 

\ iJljJI 4*Jdi <j~a^ Ai»Ju A ^JjJll iJb Juti'il 3Ja>- e jL* JS" jl 

A jJ>JL! JljJI ifJ.jJfl *UaJI *UOJl li* 4 X .UaJI J LJjP- 

XiJljJI A^aJI J^JUI 
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JsUJjVl Lu*y lit bJl tiJUi . Uai- <Lfc..~« ^-i- • • •» Vri 

+ : • . * + a n f n =0 Jut LJli LJli UUi re J JaSU 
iJwJ JwM J»UJj^» W ici^! aijtj A ^1 
.^»jjdL J'iljcu.'iM ^yJu (J^ka tiJJi £*~d tV^' ,y 
. 2Lj j— «I1 oULaftJI J i-Jajtl Ol^jXI J iLal .61.12 
re } \J*~* m oii Ai ^i^c ^1) myn IajLoa A=\\a~ }k \\ ^si .1 
J e 1( e " L.L.I jbai . # JibUJ S~»£^ {/> (bj*p 

J*aj K-m m *L,ii J / t , fm L.L.Ij K n I-Uj re *Ua* 

"m n * 

n 

fc=i 

b 

(1) If («) = A* («)== J 4 

a 

J_>-l »J j_*4 j-tjJd t^-S-i*- ^4* ^ ( s ' 1*1 i f? s (a, 6) 
,y Jjm ^b" j^i _ jf (s) Uij j , c < s ^ d t a < * < b - 
Jp y(s) ^Ul ol j>* *J^f-^ • c<s<d J*-l 

t c < s < d JJcJLl Jp tiUjtf' X (i, gUI 01T Oi tc, dj 
»Uuil ^ Iki- tjj> iJUU «i* j A ^| j^d . a<t<&. 

. R s (c, d) *U0JI J * s 6) 

JjLui- .J-sL&dl Fredholm ^jJ^> j-J> (1) .#U 

12 ^ {jjsj Oty> Jr^JV 
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lx (t) = j a; (t) dx, o<f<b 

/?* (a, b) »UAJi J 



F(x)= j f(x)x(x)dx 

a 

j ILaAJ ) -gU /(<) 



.A^Vil iUu^l Oli Ol«UiJI J 5JaiM Ol^jJll .71.12 
J K n Ij^u » .Uai ^ A ^ ^ ^Ut J^SJI U fJuU J 

J*JtNI A jjjll j,..U7. . Km »U*JI J L.U et f u . . ., f m 

jj. «i. • • • , e n 

' Ae! = a n fy + . . . + o ml / m , 

, Ae 2 = aj 2 /! + . . . + a m2 f m , 



. Ae n = a ln fi + ... +a mn f m , 

: 77i x 7i <i^Lv*C Jj^y A ^J^U jl K m j 



(1) 





o 14 


«12 • 








«22 • 






O-mi 




• 0>mn 



. fit • • -i fm 

n 

m '' 

Ax=ST,^6K m 
l 
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2 = Ax= 2 ^Ae h = 2 & 2 a ih f,= 2 ( 2 aykSfc)/; 
1 l ft=i i=i j=i ft=i 

(2) % = J^a^fe, (; = 1, ...,») 

fUJI J£UI ^Jl^l J I - 61. 12 Jllll J f jj U ol SjX dU±>j 

ul» ( JUJ» jl^j »Ui) Kj J K„ A J^LI jJJU jj» lil 
A = || ^ a 2 . . . a n || 

n 

Az= 2 ahlh 

UuM Ol^b c^UM ^ - j 51. 12 ij ydl OUUjJI JjIaJ . y 

Y j X oUJaj t>!^> A 2 j A i ulS* lil . Y J L.L.I A* • •-,/„, 
Jp A t = \\aif || j A 1 = \\aliy\\ W 



i=l 



: K J a 2 j a t JS" J^l ^ LjJ 

m 

(o^ + a 2 A 2 ) ej = 2 ( ai oS' + a 2 af/) /, 
: ^1 jijlL aJ^^ || ai a}J-> + ojair || Si Ol tfl 
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JT 4 5J_5JLI L (K n , K m ) ^UiJI »UiJI ol dtti {j* £~j . > 

K m '\jju m j K n Ijuu re *Lai SJaiU OljJjl! 

Si^JU! Si yuA\ ^ . 
j gu • • •> 8 L.L.U Y ftUaill j /it • • -i /m LiL-lj X »UiiJI 
; m X n «j yuqj> Y j X ^ B | yy jj j| ^ y\j . Z »L^iJI 

B = \\b jk || 

m 

Be k =^b Jk fj (k= 1 »> 

4 = |l«ull : ?Xm A3 y-sA* Z j Y ^ A Ijjj* bjjj jlj 

9 

A/y= 2 oijg/ (; = 1, . .., m) 



:Jp P =AB 

m m 

ABe ft = A (Be ft ) = A ( 2 *W;) = 2 &J*A/, = 

m q q m 

= 22 * = 2(2 a/j^k) £>■ 

5=1 i=l i=l j = l 

P=AB jijjLl SiiljJl! p Siji^aJU j^U*JI jli JUbj 

m 

(3) Pth=^aijb jh (i = l, /c=l, re) 

3 = 1 

: jci ^ IS^UaJl l|Jp JmmJLI ^ = II Pi* II Si ji^all 

Jj^l Si^ivail (3) j^jJI # = II *a II j A=\ \ a tj l| 

j^i j m X re SijjL^o j q X m yua^ ^ oil bj^Lc 
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ftljj-l j n X n o\z*jj» obi jLaa B ~ } A jli X =Y= Z JlS" I 

n ~X n 2ju y> as yua* Ufljl ^ 

<_jyu US' lit . K n \jju n »L,ij J J^, | jy A . j 

{e} =(«i e n ) ^L-SlL-JL AjJ^JJUiljll ||o M || ^^all 

UjjJ^ J£i J (<3 - 51. 12) iJljJI ^pSjl aLftl ^Jai-J Uti 

ibUil jjX>- (^ISj-Ul 



(4) 



a 4 j — X 


a 12 








O22 — ^ • 




= 


am 


a n2 


• Ann — ^ 





oLJIx-I jlgl ^kuJ bJli (4) ibUJJ ljX>- A, jlS" til 
3uj£U aJB aJU-I J>- oU>" ^Jl / = 2 aJ jil^ll JljJl 

h—l 



(5) 



(a a — Ao) li + a 12 £ 2 + . . . + a ln l n = 

«2lll + («22 — h) lz + ■ ■ • + Iznln = 

k a ni li -(- a n2 |2 + • ■ • — (a nn — X ) £ n = 
• * K n cs*r**" i^- 1 ** J (j*^' V**" .A* 4 *ri <- ^ a ^ • <y 

X 1 ... o ^ ^ J - 



0. 
0. 



[6 j^yi .u] jiiii * 
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{Jl> <ub> J«*>tJll C„ *LiAJi 

^j) ^L-MI IJuS, L-Jb A J$L\ asjL^a A yj^lJ 

iJbj^p- Ai^a- ((6) J^»Jl l$J£Li SjjkS c-UU- olj -ui 
3^*u ^ (6) SJbj^f! ObUU jUj X jIjlp^I Jl . A ^ij^ii 

iJlij^fl oUUU ibut jUaI ^Sj (4) SbUJU Ijjj^ JJUii X 
:JS^JI ^ jl (6) JSJJI Jjuj. IjUi-l 



a 


T 


1 








... 








T 


a 





1 





... 














a 


T 


1 


... 














— T 


a 





1 ... 























... 


a 


T 

















... 


— T 


a 



<uif- J-a>«JU R n *Uii!l (j-L-l '•<^+~ J . •(«^r ii ^' V^J^f' aJULI i ) 

^jAj) ^-L-^l IJJ) Jb A J£\ liy^A lA jjj*U lJ L fl f> 

A3 jjLm ((7) -j (6) jS^JI 

jbjjfl ^L/XI jb>b jbcJ ^ (7) j (6) 3Jbj>l 
Oj-*; IuSj: t (4) AbUJU Ijjo*- a + it j & Jic * JLiJ-l 

aJLU! (o-IjaJI jLtf-b (7) j (6) 5Jbjjfl oUULI Jbul 

. A ^*>JU 
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44ja*aU jli Akv~j (4) SJiUil JjJb- CJl£" lil tA-^U- ii-a^ 



(8) 

A, = a + it : U j !>■ ( 4 ) ibUU ^y*^- iiU- J Ja*-}C 
jjj pJJ j at ± iTi, . . ., o k ± iTft : _j 2 ^ ( 4) jjjJ- 



(9) 



— T, CT 



1 "1 



Oh tfc 



Si^i^ad JjIS jy> J£J n^aifr »Uii J tiJbj^l AijAvaJL! jl 

J-jSJ ^,1— H (aj^ =-.a kJ , j, k =1, . . ., n) ^rr*^* 

»I* J cSJUb- diJjJ Aiil^U ^ iij^l OjSJj 4 ^>iJI JS^JI U,! 

wJL (a, ft = a hJ , j, k = 1, . . ., «) AjJiU; <i _^«JL J^IS jJ> 
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. 81. 12 

: JL»Ji>cJi J* ) 4JI K Jas^ U ^Ui *Lai J . I 
U J x, y, . . . ^UaJI J* Li ^* bl ( # J* jc»- 

Jsrt O^J U J y J * J»-l ja a {xy) = (ax) y = x {ay) ( l) 

Jf 

. U J z i y 4 * JIT ^ (xy) z = x (yz) (2) 
• U J z ; y. t x jlS" (x + y) z = xz + yz ( 3 ) 
. U J z t y , x JlS" W« * (^ + z ) = xy + xz ( *) 

} (3) uU^ 1 

•£j>^ j^l* (4) 

O^J JJ xy = yx SljLdl o\ ^\ ^JtJ <_-> Oj^j «Ai . W 
SljLJvl CJlS" jj . U {j* y (. x oLJUijl jj^y J»-l {j* 4>i+>**0 jS- 
JjU Llli U ^, y t a; 4JUJ JS" J^] ^y. i>wj>o* xy = yx 

. JiJuJ 4jj U 

ex = xe = x SljLJll CJu^ lil U jJLIoJl*-j e 6 U ^^-j. >■ 
C>lft- < lil * jva^ ^ jJLi» y 6 U jvaA* j^*— i • x € U A£ A>\ 

xy = yx == e 

Oil lil U ^ jc> AilFc U^j* *Ui JjD . 5 

. xy 6 V aS%JI Jl y £V j xtV jlaW 

Oil bl U jctJU jLJI Jllo aJI / a U ^yj*- <j* JjaJ . j 
JLo 4JI Jyu, 1 xy 6 / ii!>UJI Jl y€/ j * e u Jbi^Ul' 
jor jlT lil 4 y* 6 / Jl z 6 U 'j y 6 / jLi^UJI Oil lil jjoJl 
cJU^I (Jfc* <t»l Aip Jjij LJli i^wJI <yj jLJl <y Uli* ^j*- 
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lS «-«J .<Ujij U jJL\ jjt Ut'ljJ f Jn C J U (JIHI t/o—iJ ^ JucJLi jmiuJI 

.iJli oUllo l£>^ oLMI 

c <CL* / <Jli* J* U jJL \JIJ tUii (j ^ial^J . 

j^) ol~L**J' t^^-jxi t X, Y, . . . tJ)jA«a}\ ^ysxZ 

0*3 Y j X ^i-^ J»-l :»--> ^ aJup Iviji Jj(^_41. 12 J .jjj 

. * * - * 

olj ( 2/ e Y } x 6 X ^.^Jl jL^b jL* ^ XY Oydl d\ 

dJJlT oli LLoJ U JIT of . J JUll U ^1 iLJ 

• U// jj-l ^ l«J 

JjiJ .K Jill ^ V j U j£J . JJf 4.i o%*u" 

lilj (u> - 41. 12) V ^U£JI *UiJI J U ^UiJI tUAJI^y 
to (x,x 2 ) = to (x,) -to (z 2 ) a^ji U jjf 1 ^ x 2 4 x, JT 

. v .ua 

x£U j^a^ JS* J^j ^jJ! to: U U// jJarJI jli 
• U ^ J»£' J* U A 1 «>• ^ J 11 ' *l& ^ jJI X 6 U// 
Ji* ^Jl ifU ^Ut SpjJ? ol* a: U->VJJLf JT J^l ^ . ±> 
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.J j*j i Jum © jlT o! . U jjfl j / Uli- JSLtJ co (a:) = 

XfU/Zuw. J-*^ IJlaj V J u// j»f I ,y co 
I^A jl . X cjLmoJI ^ JlS j^s- x i co (x) 6 V ^ai*JL 

S jli V J U ^ ^,1* co jjyi jir lit .^u, jjyi 

.[2.6§ ;14] O^liJ 

. V^Uj j^t J . 91. 12 

n 

/ (A) UJUJI glydl JT ja JUJjU U (G) ap^»UI J5^J . y 
*Jj J^XJ jJ-l Ijl* ol .(27.4) Jp Sibdi Vj^b 

/W6U (G) J*a, U (G) J jjf.y m 

•.|*»IS zinbieL j-ii-J jji—> 

( i) (/ ( x)g(X)r» = 2 7 T(^/ <i> (% <m -w 

(A; =1, . . ., m) r k i y>^ JJuy ^ft JS" (K JiJ- 

».*»-» ... 
J-S' t / _j U j_> t « 3LJjJu-9 » i . uucLiJ 

jLu_p^I oJbi J—j-J 4 * J-iU bJU* r = r, +. . . + r m 

F (5) j^jj I^J-I fe = 1,. . ., m j = 0, . . ., r ft - 1, 
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(/ + £)<;> (^k) = fay ih) + gtt, (K), 



(/*)«!,(**) =2 7 ;! 



I (/ — j) | ^ (I > ^<J-») (^fc) 
. ( k = 1, . . ., m t / = 0, . . ., r h — 



(fg)w (K) = Ao) •*«» 

. # r sOaj I jv>. F (S) is. j+>d\ JJJju 

OLU SjjjII (J» _ 51. 12) A J$Ji p (A) Ol^ 
6J . P (A) <d yj Ljap Ijyr tOl ^Jll Jp Sal>dl v j^'j 

• ..,*» (Ul^JLI) V 1 ^ 1 p** df s?* A ^ 

i5J*-~i r h U*La! 3uJ J£j J>Ju A- _y}JJ 

u (i 11 (a- - 71 - 12 ) A J}»U V ,5 J^ oliUU aUu! ^ jku /I 

/ = {/<*> (K), i = 0, . . ., r h — 1, k = 1, . . ., ro} 
^l— »*J UJU i^Li^JU*. aJ ^jjl /(A) y *^b 5 A Jp ojiw 

1 ... 
?i ft 1 ... 



(2) 



... K h 
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(3) 



• : P X p jl*J ^Ju U> ^Jl ?JULL 

/«»(**) / ( i)(^ft) 2y/(2)(^ft) ... ijr/<P-i)(^) 

1 

/(0>(^h) /<i>(^ft) ... ( p_ 2 )i -/(P-Z) 



... 

p(A)j£*JI ^ ,Uji*-j /(A) jijll II* J >JI lil 

P (i, (^)=/a,(X ft ) (; = 0, ...,r k -l,*=l, ...,ro) 

.[48.6 ;14] J OUjJI ^liJl 

gl js« JU jll 4 - U (G) (0 J^kJ! 

/ ft) € U(G) ^L" JT ^ jjl F (S A ) ^Ujjdl ^ J t UJU3 

(/ = 0, . . ., r k - 1, /c = 1, . . ., m ) f (j) ^ = ^j, ^ ft) 

01 Ji»-!*J i F (5 A ) ^Ij u (G) jJ-\ j> JJLc (o j^kJI 01 ( 1 ) 
alatl {/</) fcjJU J^l O* (\^-- ; ^ ^ J^ 1 IJufc- 

^ j!) U(G) jjfl f(X) £U 

(/ = 0, . . ., r k - 1, = 1, . . ., to) /<>> (X k ) = /,„ (X ft ) 

ja uUjii p (A) £ t9JJJ u t jri^u f (s A ) oi lc 

J* U(G) jJ-l ^ j-U. JJli Ojj-jj Jb.) UajLI Oljijll 

: Ji ^ j^j ^IMJ d^l IJla 01* n Jlilt SUI^ c P (A) 

«j ^ jji / (A) ^j^u /weu (G) j_r 
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: X p ^jJu U> 

-/ <p - 1, (^) 



/(M /' (**) 2T/"(^) 

/'(X k ) 
f(k k ) 



1 


(p 


-1)! 




1 


(p- 


-2)! 




1 


(p 


-3)! 



/ <p - 2) (Xk) 









. i j^u> J^b U> jjl i sin XA j e 
:oljL_JU ol— i J — ?LC : S: /(X)->/(A) J—JiJi jl U 

:XljLd! ^ LjjJ /(A)-*(A) = A(A) ^jJt^j t U(G) 

e (a+P)A_ e «A.gPA 

Jliil) 5ja2* . . ., X m ila*^! jLie-b ^ J^aJ . ^ 

:J — S ^ — Jl — >■ Jl 5 lJj-p- jl (jJJL^ jl) j-lsLJ <LjI (>■ 
u m1Xj K — Ok — « h ji( JJl4 J| { JL£»- ji- K = <r k + ix h 
^ J* /={/(/) (**)} ^jJu Jj5J . r ft ^Udl 

blapl faAK) jIj^I JT CJIT bl Ijj&IJ \^\ S ^J^j 

Jl . Rn Ijju » ^iJb. *Ui j Lki- A j£J .j* 

j«> £j> J-S'Uio \XJb oi Ji-s-^U . P B (A) ^ 4J j-p^ 
J jjl»Jll) A yjli Jjj (^) oUjjil 

Ul .[aj> J*\Zj» JLUI !Ju jl i( Rn yS-iJ-* *UaU 

[16 .6 . M] * 
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/ ={/u, (K), 7=0 r fc - 1, ft = I m) 

(i^J^f 1 <ci ji^a» /(A) y^lb 5 A X jma 

) (2) J£*JI Ola 4j>S *Jt fcU- ^^aJ i A JyJJ 

hjd -ui *JU- ^ t ( 3) J£lil ^ iJlat A ^jJJ (JlS>. 



(4) 



ilk £ 
X* £ 



... * 



Oh 






1 





, = 








, E = 













— Tft 


Oh 




1 



/<0)(^ft) /d>Mft) 2T/(2)(4*) ••• (pJl)! /lM)W 

1 

•• ( P _2) i' Ap-2> (^4/0 



/,„> /,„ (An) 






/(0) {Ah) 

Re/«y,(A*) Im 
-Im Re 

Ot>U~ Ul i /» (A) J££JI <J / (A) j| Jfio^jJ\ C?S 

= 0' = 1 r k _„ft = l, ...,m) 

.[ 88. 6t H] j oU jjH 
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co o[ . t _jS-iil j_p«*JJ A^wjJL o jJeUi* G A>-L< (_it { j<^ 4 R n 



(; = 0, . . ., r k - 1, k = 1, . . ., m ) f (ji (X ft ) = /"> 

^ti t A ^>-U iJLU! ijjj-l Ol^ JT ^ oUjll P R (A) 
UJbuJI ^l^l JT ^ JA}k\ U R (G) ^f! ^ yte JJli 

Jbil SUIjj: t ^Wl JilfJI II* j^. t P* (5 A ) jj-t J UJuM 
/ (A) ^ jj^c / W 6 U R (G) £l" JT : SJUI 5i,>Jl 

^yCj (3) J£UI JUL* {Ju**- K ) (2) J£iJI & 5,>S <ui 
(5) JS^JI ^ fctii (4) J£*J! ^ fcU- J : 



Re/»">(X fc ) Im /«»(**) 
•Im/<*(X k ) Re/^X*) 



dUij oIa L-jjj J UU Ijjj <>>U oUUuJI ^«L" . 12. 12 
J^iJ .^1 *UiJI c-y-j: La ^Ju .(J/tfl .jJ-l) vUUI J-aAJ! 
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: SJhJI Jo j aJ t.y 

. x 6 M o\£ p (x, x) = t a; y JlS" oj P (*> > .1 

. M J ^ } x jir p j/) = p (y, x) . ^ 

J z 4 y i x JIT ^ P z)< P (x, y) + p (y, z) . :> 

.(^IaU~.)M 

lim p (x, x n ) = 

n-voo 

AjjULb 1^:1 M tUii <y Jotfj an , x 2 . . SJhi. ^ 6yo 

y olpyf OUUuJJ Ak*l£" a£>LJI Jj^ajiJI J U . 22. 12 

AiLJ.1 ilicb (^jlJj^I) jbdl *LoaJI yj ^jS-JU y j ^.„,.U 
^ Ukis Olpy? dL* jl jLL»^l lla j a^I jjai .Sjbdl 

. V*^ ( p (*»■ y) 

.e^A^ IffjLw* Oj^J Uxp 

. U AiLdl JU-il aL^Jp JwcJ al«j 

y(t) j x (t) j-ij-^ Cx^^ J 1 -*' ^Lf- (^JaJi ^ 4JI c 

max | x (0 - y {t) \ j| ^ ^j; ( a < « < 6 ) 

(1) p(x, y)= max\x(t) — y(t)\ 
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:AiULI Jl 11* b 

a ja m j\ y^i, jUii^l J^iJ x (t) g\y 4*jJt- UjUpI til 

*Uai JU-I <*Ja.t J^oai UJU (2) <iL-IL UUijjj 

^ sjui&ji c^aUi 5^ j) ^>i c^u- iju 

blT lit U-*a*j ,y J^iji V (t) j x (t) QwtJI ,y 
:j Uiil 61S- til ^1 J*l5cJI dJAT 

j|*(f)-y(«)l<& 



6 

(3) p(*,y)= Jl*(0-y(')l* 

, Lajl ilU-l 9 1a J (^jUI *LoaJI o(<JL> jl £-*Jiyi 

. <k-l jj ^-J (j-i^JI lf*«*; J"* ^tJ^ t -*0* 5 <i' £^ 

:j >-jJL ^JJ tttil^l *iUI »lk»l j** 

( 4 > p(x,y)=|/ |u(o-j/(or^ 

(«U1I £• . i£ JfX\ »U<uJI OjJL. > p >• 1 J»-"l ciiycJI I JUb JajI 

j p = 1 ^"ln; „JI v^cJU-l *Uii-L) l^j— i cr J >■ <JlJLI oS"lJI 

.(15 ^^Jl ^Ij) la* J JJaJ i(/>=2 
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«d*st JS^; U j-« *LiiJI jJu; I 

• i^j^ 'La* o j^iJll gt>JI .32.12 

ju j* s j*iJii ajlju-i ^i^i ^ t^Ajjii ^ jai .uaj >«jj . i 

( 1 ) 22. 12 j^-i-jUL; ij^-jdl ULJLb sJujj; X» a < * < b 
*U» <ui /i ; ^ _ 31. 12 J jlfijl y> 1^) A 8 fa, 6] 

o J jJl# Sjj jvill^ C—J M ^JlS Jl* »Uai a ^*I«JU ^1 jiJi <jl 
LM Si .U-L* (l iiULI oU; jjl^l (1) 22. 12 jji-jJI jli <uU, 
IjJj tSijjk»Jllj o j.>.i»>U ^IjJb Sfl *l£Jj ^Jn*<"'» *il 

J . sup _j max JI.U1..I il«ij>i (l) 22.12 jji-jdb JeUi*-^! 
gl>JI JT ^ JU^I »UUI Ail J* * 8 (M) »UuJI o> |hsLI 
. SiLdL jjjJll i Migjjt »Lai J* SijjtfJllj » j^Jll S-S-ii-l 

(1) P(^, J/)=SU P |x(<)-y(f)| 



*UaJu o jUaII jwl |fi <U-L> ) ^iJ^JI |pAl~JL1 ( UojI c La ^jt yu . a? 
jr Oljll P S (M) .uui cil J^i ; P JiS 

p(z, y) = sup p M {*(*), .-AiUlL *UAJI la* 

. J/ (<) j a: (t) j^ajUI ^ 

.3L»UM tfWj P 8 (M) »UiJU JL-JL JujUI CjLLmJI 
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SjI$JI (0 iJUio Ol (2) ubjXJl gilt .a 

M Jc f fe:;(t yjL-aJI *<jl— & P s (M) j * (*) 

. x(t) Jul^JI uti >i *» (<) ^l>JI SJtdl (39.5) 

- 

^ ji ^xs x e f ski: jr cjit ot ^ <= p otf 

t JJJi Jp Sibj IjjJ JIT bl .(16.3) £ ^ JLJfcs* ^jU ji 

4ij p ^> *u* ^ j>u . f J oi^ fei Uj^" e ji us £ c f 

i? 8 [a, 6] J Jlf Vri* 4^1* # *py£ oj£j j! O^S 

:J»ULJI J lf-jjj jjl O^UU ^IjsJI o* ^i.'3*J> 

t (O. Jo). Ji) Jn-l), (&, Jn) 

olL JuJt 5JLIS gZJ .i£J*U Ji t a;, 6 (a, 6) 

OSU . R'[a,b] J 4*^>JI ol C^i .53. 2 ^ 5*^1 

0* <i*wJ . e > j \Jl£ / (a;) 6 R' la, &1 

jScJ .1 / (x') - / (x") | < e/5 fjkw I *' - x" |< 6 ^ 6 > 
2a1jUI J?UJi ik-ijj ta, 6] JUJU iJjjia = *o < ^ < . .< Xn = 6 
^j^i; . Ax,- = x J+i — xj<8 jSJj () = i, . . ,, n — 1) x } 

j a4 JO, Jl, • • Jn A aJo! JI ilX-f^l (jl dLJj JL_AJ 

UUu UjI; . ; = 0, 1, . . ., mi | y } — f (xj) |< e/5 
dUi . p (j, /)< e aJjt^ . fo, yj) 3J jd\ y (*) 

(; = 1,. . ., n-\) xj iUI * €fa, b) J^^kL-JlUl 
\f(x)-f (xj) | < e/5 ji^l *-*/|< 
I / to±ij- / fo) I < e/5 

\yt-si±i\<\yj-f (xj) I + 1 / (^) -/ to ±J ) I + 1 / (x j±l ) -^ ±1 |<| e 
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. I V (*) - Vj l< 3c/5 a: 6 Jf' <>* M oil 

| y (x)-/ (x) | < | y (x) -yj | + 1 yj~f\xj) | + 1 / (*,)-/(*) | < 

P (y, f) — max | y (x) -/ (x) | < e. 

gijsii jr ^ juju f? s to, oo) .uiji J J* uUjji ius^ 

«•_}>■ &\ JJL; N x <i oo pL~A\ i_i*sj Jp S j».*>.„.U j o jjJkpJll 
.(2 gr\j) jUT &l JlX Jjli 

^LL* 4J Jlsi lil ( i _ 17. 3 ) 4j\ P <^JLo «.Uii jf- J^i; . ^ 
. Pj l.V J^ P <>• x l5 x 2 , . . . iJ-jST aJIzu JS" i^j^ 
SajJbdlj Sj^sJll gljsJI JT ^ oUjU P 8 (M) .UiJI 01 .hjlai 



* f ^ 



p(x, y) = sup p P fx (*), y(*)} 

. P 8 (M) *UAJ\ Ai Li 

{j* Ikiy 4~>j£ aJIw« Xi (t), x 2 (0, . . ., x n (<), . . • ^ScJ 
TV jj^ 4 e > o J^ Jar I ,y : ps ( M ) *UaJ! ,y j^L*- ^ 
: m > yV <, re>iVjS" J^l ^ is^-l^l JiboJ w~s£ 

( 3 ) p (*„, x m ) = sup p P (x n (i), x m (t)} <: e 

i^ju- j*a* jji * n (*o) e p aju^ jr o! diJi & 

x (*o) lim x„ (/„) £P 

n->oo 

• W £ u " ^ J* 3 - 5 ^ M J^ t = t <> c ~^j Vi l 

x (t) — lim x„ (2) 
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Pp{*n (<), *m (0} ^ e 
_ 21. 5 J-^aj jJjuP J*aii im>JV. w > A r j t JS" J»-l <JUJI 

(4) PpK Wi * (0} < e 

^o^kJI ^» Jvi; . M J* ^IkJb a; (t) AjiLjJI x„ (t) 

JUL J r* s -~*i ijJ^- *(<).^kJI jl 59.5 j 49.5 
:J£iJl Jp (4) IA£ , P S (M) .UaJI 

_ 19. 3 ) jfi\JJ> P b> *Ui ol Ui . Arzela 2*jJi; . 42. 12 

sj*. aJi^. ^ *«• • • • *Jp& ^ ub> jr cjit ji (i 

J5" CJlS" ot (> - 39.3) iUtflj^ 4-wj t JujUit ^i' • • • 

• . . . v> ^ x *' • • • ^ 

»UiiJI p s (Q) j ULS' tjU *Uii p j L»lju L>>« *Uii Q <j£J . I 

.(2)32. 12 2JL41 Jjjil p J lf*-J j±\» 
p(x, ») = sup pp {*(*), y(0>- 
J«£ ^! j> U y-J p» (Q) »UUI d\ 

fi^ljU c p s (Q) £ SJjjj- 
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*W 6 P* (Q) g\y {/> aaJ> E It-jJ? £p JjV . 2 JLjaJ 

p P {x(t'), x (<")}< e 



a^ij^ ^ £c p s (Q) i^jjf jj^" . ( ) a^k; 

£ J iUt 4 e > J^" J^l Cr* * ^ !«'" > '' (>■ - 39.3) i_>jjJl-ja 
^IjiJI <y Zl (i), . . ., i m (0 ^1 aSLS _ e/3- 

(1) PpMO. *»(<)]<-§- 

:OU>-l>ll J2>*^ w-^g > e aO*Jt (j-ij* J*-l c^J 

pp[*ft (<'), as* (OK "J (* = 1, • • • , m) 

f 3 t' Oij^ 1 J^r* 1 . • po (*', O < « : tk' «>" 
:ol «. <1 AiiljW * h (t) J* I i (t) £ £ JT J>-i 4 oJxp 

p P [x (S), x (OJ < Pp [* (O. ** (Ol + Pp I** (O. (01 + 
+ pp[*h (<*). *(«*)]< 3 -| = e ' 

Ol f .(I - 61. 5) _ i millfU* ^l** Q u" 1 ^ 

Ju*l> JU-I JUJoj ^ Pi, . . ., P m C»U_^hJJ j? >\d^\ 

Is- j+syJi - e /3- Rip C>l ( 1 ) "U^j-I jUI C«5J . Uul 
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. ^UkJU A^l Jj> 4^2. Oli E oli 59. 3 J~«j 2-^1 jj> P 

<_a) jJU P (Q) »UiJl J \j*jjA ~*i^ P* (Q) *UaiJ> d\ 
Q Jp (S j^Uw» ^ CJlT e j-O-^ ) SijA^JLI x (t) ^l>JI JS" ,>» 

p (x, y) = sup p P {* (<), </ (*)>• : ^ ^ 

i 

4j_PaJI <j[* j ^j^i tul (>■ - 39,3) i_j j_)J— ^Li" Jvfj 
Oli £ cz P s (Q) ui . P (Q) *Ua*JI J 4 £ ipj^^JU JLf^. 

Juki; J* tl^aJUJI J»UJI iJljL t ^ . 8 Ujlki! ^ 

Ji» 4*kl£u ^pj t <6 UjlkSI t cUjA>JLt ^ jjju Q ^ J&\ 

p ^ijUl <u£J P J 5-4^ SSLi _ e /2- Pi, • • •> Pn 

^ . * 6 Q, * € £ J^ 1 i>* *-(0 (5* 
^ .. • - Q m J* ^' L " ^ (0 € P (Q)£L^ 0- ^.U 1 G 

jj^w N) 411* ^IjJI «jj> A.IP 0\ (jpJuW <>« .JDi, . . ., Pfe.Ai.liJl 

Qj apj^jjJL! Jp ^Ul la* l)\ . e Cr* *o (t) \±£ UuU 
JoUDI ap^* ^ Pi 4k2i a^., e /2 jjUw "il t ^6 >S U ^Jl 
AiUx 4 t £ Qj, Jrl «>• t ar {t) p* ^p J*J p m 
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p(x , ar) = supp P [a: (<), a;(i)]<e. : P s (Q) 

■ 

P s (M) u^s lp* j*^' ^ ***** p ol 

is*! >• ifijJ* {\j »Uoi J 2u<jI Jj* -ui Spj^ J*>!>1« d\ .(32. 12) 

4JU.I J j+Z ps ( M ) J i^lyUI • IjOH Oli <JWbj .(v - 69 - 3 ) 
^UiJL i^ljUl piJ! Ob p s (M) ,>« * 2J ^ 1 V>f' ^l*j*j>*il 1^1 

39. 3 ) SijJts^JLI uU _j*j>U JjLL* jUH <u£ ul* j*>«il tJu* 

j_J <UJj_^. £ 3_*lar jl J j-aJ' t^*** oij . ( 49. 3 ( y _ 
t S jC*U <JU-I J t ^IkJL <ui Oli a; (t) € ( M ) 

J teM JS" J*-1 ^ sup|x(OI<S- B C-jU 



p = R n \^j jjji <JU-i J Ajjk; «o*-b ^ jji J£dji djju 

: jd\ <ui ( ^ > . v aj ia._»«.) 3jl£*ifl 
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I a (<) | < a , | x (t) | < ai :oli>*>-ljUl 

• /?* [o, 6) 

: 5**»-l^l Jp J^tsi 44. 7 gjl ^ Jji-a . jJl 

| x (O («") |< sup | *' <*> | - 1 t" - <' | < a, | <" - t' I, 

r • 

. ji ^IkJL <bjJi£ o jCaII 5*1^1 Oj^J I jlaJ *- 
.QjAm j\ j^lwU SJLIaJI ^1 jlil «Lai . 52. 12 

:(2)22. 12 jji-jJb 
p (*, i/ ) = max {| x(t)~y(t)\, | *' (/) - y' (*)' |, | (<) _ y *"» (/) jj 

4 (a, 6) = i?« (a, b) ii*^ 4 X> m (a, fr) <J 

x 4 (*).*2 (<). • • -O-f^ -f^ ^ ( a ' & ) *Ui*Jl jl C*-~J .t^ 

max | (0 - ar{, k) (0 I < P (*». x p) 

*fjlfc* 4*» (0 V 1 ^ W (a- - 32 - 12 ) f U ff s (a, 6) 
(A =0, 1, . . to).v1^) j, fe (<) gU/B-^oott ifUttb 
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: LjjJ jl g\ y iJlsi* JUlit J y 77. 9 Aj^kJI ^ g£j 

j/i (0 = lim x; (*)•= (lim *„ (*))' = y' (0. 

n— »-oo n->-oo 

j, 2 («) ^ „; (f) = „- (*) (0-=.»i m, '(0 

alf*^li • Z> m (a, 6) »UuJi Jl yo (t) gbll uli JlsJLj 

y ft (0 = (0 ^ ^ vjUsJI J* Ul.1 

*nl0 3Jlsdl Jul^ t£jLJ y (f) jl Ji»-^j «-*-<». U 

. ^ _>JlkU £ m (a, &) »U«a3I iiH i—JL 

• 

fl s (a, b) J Ol^ Irt' ^>r^ D m (a, W »UaJI 61 C~lJ . »■ 
jl J* oL* jJI ^j^. ( 26. 3 jJiil) (i-JULJl ji) *_,Ju*o yl>> 

R s (a. b)) J jlS' ttJ^^oi j- 32.12 j blj) i-xUll 
JT jlj*- J <*a^ i Uj* i y (x) (ytU. gU J*>- j£c 

£U,j£ij!*L, ? (jr) 'gtJl IJl* Jl* .liJI jSLc ,(1. 12 rj Jl) 
^Ij j £L ojT^. *jL£J •Ij^-L .(i - 91.12 2m 

J AiLw< J ya£~\ luSLc LU^J ^^A^J C*~Jj 5jjljJI 

1. 12 ^Jl 

I j> ciJ^U ^ jUt *UuU L 3 (a, b) -> yj . I 
— LLj «A-jjJ_J X-^ t [ fl) 5] Jl^ ^ (<) yU^-\ 
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= (3)22.12 

(1) P (*,»)= j \x(t)-y(t)\dt. 

a 

V / b 

(2) p(x,y) = y $\x(t)-y(t)\»dt (p>l) 

• L*p (a, b).yj^i 
: iiLil o j^uJl t /uljlil *Uii J* Uouil U jC*t US' 

p(x, i/)= max — 

j-* U&H ju*. LUil (3) t (2) JULLJI oLiUI jJy 
M 2. 12 ^.jjl J JuUI Xn q SJhi* jU laSUj objliJI 

1 i/n :oSf ££(0,1) .UiJT j 

j x»{t)dt= xl(t)dtK-. 

J X C~J Jtj p<q L s p (0, 1) *Ui JT J 

1-5(0, 1) 

e. _ i f P° ur p<9, > 



\y»(t)dt^-L-.l. n T = _»_„f " f | 



1 



p 



+1 pour ^ = ?- 



1 J^J '(a, c — e) Jbtf JT J* ^UiJl q j£ v ->- oo, U ; SjjI&u j 
Ji* . [ 6 j a C# c ikUl ] (c + 6j ft) JU? J* 

: L.jJ 01 JJJi . Lp (a, 6) *Ua)I j ^-UL. SJbsU ol* 



& c— e c+e 6 

j |«/v(*) — 0ii(*) !"<*»: = j + j + j <e + 2e + e = 4e 

" a c — e c+e 
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X 






/ 





















1 

n 


1 3- 



2. 12 



£jU t L s p ( a , b) i-il — I V-^^ 7v (*) (v = 1, 2, . . .) 
<p ( X ) ml (x) iilkdl oli <p (x) : y A J^bfi - {c < x < d) 



P p (/v, <P) = j I /v (*)-<P (*)I P dx < m a 6 x I /v f*) - <P (*) P - c) 0. 

pm/v, .0- ( im*>-/<*>i p **< J i/vw-/wr d — 

^ a 

r - 

. / (x) =(f> (x) : ( I - 33. 3 ) 5,1^1 aJIj^j jl o.j 

cS^ii f (x) j*- 1 Lp (a, b) ajLJI iL^Jb tLjliu 

u* f (x) = 1J a < x < c cM j 4 / (x) = JU Uj U v r «^ 

/ (c) iu^ill t^JlS" ^ a; < 6 JUJH J* I • 

4 18. 3 Sj^JiJi i L s p (a, b)t\J^i\ J^L. . =>■ 

*lkpl ^ J* : JljJI £>J J! ^/u-M j* . X« (a, fc) 
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.([16]*,^) 



JgJl i^U^JI cUL&aJI 3 12 § 



Ij^ ^y^JaJ 1 ,>« *J[ i5iL*c R ^Uti *Lai JujjJ .by . 13. 12 
J*ai JSwj O^k-^ O^ 8 ^ qcJl»AJtj SiLJU o'^ jJLJ ,y>-ajM 

oil . ^ t<JU ikUj (^U-i) Sk2J JS" ^ iiLdl iJj^w 

4 J x **LA\ Jix y>j i iJuw x 6 R Ski; JS" J^aj jl ^^iSL. 

■ 

^ U£i lit t5 SJb- Ail r (^UJL *Lai J^2J 

j» |1 x || UL^I ii yj) \x\ ijju x e R^Ui JT JU.I 
:5JbJl oU*lib x ^UiJl jjJaj L ^ ( ||| x |||) 
. 1 | = t .* JIT OJ | x I > • • 
• a.^h- iU- Jfj xGrJ* J*H j our | = | a | | z |. *-» 
B j y J x cA" 1 a* 1*+ K I* 1+ IJM..* 

.(dJU! 

•UiiJI OljLw. a! J**""" i>* • p (x, i) = \ x — y | tL^AJ ^aJ 
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5-S-iJ.I OUUaJI JS* cJJjil i? s (M) *UuJI ol . 1 . 23. 12 

oU ^ jJI *UuJI iM^> *Uoi J* S^J^JLI j S j^gJLI x (t) 

J Jir _ 32. 12) .UuJj 31. 12) ^Ui *U*J Jli.i' 

■ 

(1) |U || = sup \x(t) |. * 
t 

JJJij .'a: I Jjy || x \\ x (*) ^ ^pJaJ U* y j 

i^Ju jjjfcjl cij»J ^Jl >■ - I 13. 12 cA)~X\ o! . t AiUdl Ulkll 
: JUIS" dJdll 4...L,.« j> aTIsJ iivaj . <JU-I « I* J 

I x (0 + j/ (<) |< I x (t) | + \y (<) i < 

<sup \x(t) l + sup | i/ (<) | = || x || + || y ||; 

f 

y IK II* 11+ ll» H " 



^j* R« (M)JujJ-l *UaiJI j^tf- ol* loS^oj . R i JlS ^j^JiJ ^jS-i*- 

X = sup | x (t) |, y = sup | y (0 | : 
< t 

J*' 0* ^i 1 2 (*) = «* (<) + py (f): ol» 

jSl O^k- P ^ a 

I a* (f) + Pir (0 K | a | | * (<) | + | P | I (0 K 
<| a |X+|p|y 
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Jafl ^ j*S-i Z (<) = («) + Plf (0 gWl ol CJd 

^1 JUI jjSLc . J (f) j x (<) Oyulil! A^Jb JU-I jJb \£ t = t 

6 > o ji^j o < 3 ^ ■ p^o'io^o 

J! p (*, t ) < 8 ^.-I^l! 

15"' if w-J/(^o)|<^ 



|«(0-M«o)|<|«||a:(0-*ao)H-|P||»(0-»(«o)|< f + | = 

• * = *ocM u* z(t) = ax (t) + fry (<) : ^Ul jl j^m-S CJL. IJm, j 
j^-H! ' ( 1 ) jj^-jUU jrkJl R s (M) *UiiJI J Ji-ju 

. R^UiuJl J ^&Si ^kJb l a: (t) \ 

x(t)g^ £ & R"(M).UiJl UjlJI oil 

. R 

dUiT *UaJI ol^ Oj UU ^a, R s (M) *UuJI o> Jl 

. i~*JeJ\ oULaiJI j & illol . 33. 12 
(52.12) Z) m ( a , &)^jd! .UiJI ^ JUo! ( j :? kuJ .1 



( 1 ) II x || = max {| x (t) |, | x (t) |, . . ., | «"»» (f) |}. 

• 13. 12 jpfcjl ol^L^- ^ j^bJI J*JI ^ 
(62. 12) (a, b) OWUUI J* JUol ^kuJ . y 

p /~i> -c^y.^J 

( 2 ) ll*llp=j/ ^\x(t)\ P dt 
a 
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t p = 1 Jss-I >■ _ I 13. 12 jgfcjl ^. oTUI J4JI 

Juu ^Jks vliill jlTUI ol» (P > 4 > 2UU.I J LI 

.(15^1*^)^1 

(3) l*li= S lEfcl, " 
h=1 



( 4 )U| P =V / SlTp (p>i), 

( 5) l*l~ = max It'll- 



(6)|^| = |/TtI 



. p = 2. J Jiljll I x | p ^1 ^ i^U. JUU 86. 2 Jo ^jjl 
— i.L-UuUI J 0JUL_£JI Cr^Jli j^O? (4) j (3.) ^..JivrJI 6[ 
23. 12 plidJ JJbr ( 5 ) ptUI Ul . fa 6 ) } L; (a, 6) 

j x |. >jl» jjy. I* o! 4 i?* (a, 6) *UUI J ( 1 ) 



max |^) = limf/ 2 |S h |" 




.(4 J^iJI ^ 9 ^1 ^) 

j u .86. 2 j pkji ^ UoTb jj» 4 ( 6) uu.i j t ur 

(4) yu.1 .jjTaJi^ OjJ^ ji sUJi oli (3) j (3) ^jsJU.| 
.(17 j^jjl Ik^, iy ^ jlTIsII jcuo N jJ» 

^ J ^^l^(6)_(3)o^!0U t ^L-.I^Jo( c iiiU li!^ 
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o^l^^lj^z =(£.,. ., yjUi^ = (£r , , ., I™ ) 
-> I,, . . ., & m> ->■ l„ : ioJk* SJbi. n UjlL"^- ( 5 ) - ( 3 ) 
. 63. 12 j ^4 ^ * oULii J olpkJI J-vol^i~> 

:j2di jll* = {£i. It, ■ ■ .} hiJ^\ oUbd! 5*^1(1 < P < oo) 

jp / ao 

r i^w.b ii*n„=j/ Jj^p • fiii*r<°°- 

p f n p f n p / n 

]/ Jl l^ + n^j/ Sj^H-]/ 2h ft r< 

P J oo P / oo 

f fc=l f ft=l 

VJ U; J* J** j^NI o>Jl J w^oo^.WJi Ji JUu^L 

p r — h=l 

Hx + »llp = j/ JjSk + ^l^ll^llp+llyllp- 

Jl |^ tsr _ ijb- a J r J a; = {l h } 

4 p > ^ 4 lp jli II ax ||p = | a | || x |.| p . 

ol£" If* lp »UoaJI jl J* uUjJI ^SLr .(^r^ *b*i 

.(18 I y-> J, )P>1 

UJbJI oUUUL iiJUdl JS"j uijUJI oj . «. 12 

^j^iij ^jf-U-i .Uu J ^SLc Ij^obj . JL»JiJ( JLaUUI oUUuJI 
^UtS-l ^ i>-k>*U 5*j*shJIIj ,yvfi<« 
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z = aa;+py, a > 0, > 0, a + p = 1, :<MfcJ« 

.^LtJoJI JLpU^JI OUUaiJI yn ^.iaJl 

B ^1*- »UuJ X = |i|<p}i/ .AijJai 

•* 

.AaXaaj \>±£j 

jl i^w IJlAj | — a; | = | x |< p, U|<p jl^ lil . ul» jJI 
^eyak; .<-> - 15. 3 &U* l^^S" 1*1 .fcjlji. ap^j? 3j£JI 

:tJ k*; dJUl iJL* ol Ja»-!& v-^ 1 \r*\*~ 

I + P» | < o | a | + p | y | < (o + p) p = p v 

^Aj i a + p = 1 
J*iyZ l^lSUb ol 1a>- i«U Sa^l 5 jS" ^>jj. wU- jl . i 

iJ-« Jx t^ijj pkJU iJliJIj Ca=-JL-JH J2dt ii | Lou* 

:5JbJI UUI dJfcU 

f >h-J uj 13. 12 ^cJULI j iJUll «Ju» ol jAjd 
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jli y^O i x ^ o JS* ^ ._*-13. 12 vUbJLI 5»*»-l>. 



i< J a JujJ-l <uL,.U ,»ljl>uU*L t oJj>- Jl ,£J QLo-V-i J -t— -r 

-' I • ~* | y | ^ I a: | 

" " *sT - | a: j 1 1 y | 

. ^y/l" i^JUlII 

.iiil&JU OLkJI . 53. 12 
Jw-JaJI J^-l Jij x n -^>~ x jliJI olS" lil (,^1 t ( 43. 3 ) jcijj^ 

Usui (i^-ji^) ( >.».ia. , JI (jjJL* J^-M i~~Jb X J ( *>■ yju> ) 

. jut 

ijuj^JJ L-jcjLI oL*»liU ^ U 



5, (p) = {x e x 



u ll<p} 

I x | 2 < p) 



. t$J jutU ^kjJJ <L~jJL <ULU*j AjJ^j ^j'^* t>Jj£Jt Oi"^* 

Cl > J^-jd \x \ 2 J : I * I OlcJaJI UlSJ il . iibjJ 

C^tf J^jjj 5 2 (cip)S jSJl Sjji^ Si (p) S^T JS" 

Si (c 2 p) S S 2 (p) JS* j jSj ^l^i c 2 > 
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Sj—S^l oL» UJ^ . I * - *„ li = "-»- 0, : 0! J>j-& 

I * — *n Is ^ ^ dJ !i ^ I * — It < Hn/c t :j\£~*X - *n- 

I x ~x n U — 01 I x - x n U Cr* S^i ^ 
V <u£J O&l&u | * | ? J I * li O^*^' 01 <j>^ 4 (_r^^J 
iU« = 1, 2, . . cM i>" j^t 5 *" • Cl *r\>^' C^liJI Jwrj; 

L-jJ i tfn = ac„/p n O^l'n ll>Pn- U„ J, < p n /n ^ XlaiJ . 

Oj—^ J/n iJUiil J*it ^JJI j/ill | ft, |,< l/» • | y B U > 1 

lift 0[ .JjNI pliJI ^ Ipi dUiT y>j JbJI <p liJJ 

131 Ja2i j 131 J^ilScu | x | 2 J | x |, Ol<Jaj Oj^ • * , ? fc / ^ • ^ 
ii*Liil JU»>-I jSS Jas>cj ( Uli ) O^sr c a j ''l O^b J^r j 



: O'l a; — x n |, ->- ^-a ' * I ./^ CJI< A_Jl dJJ3 

j | x |, (jwJLJt Ob OMI ^ • I * Is J I d ^j^-iiii* 

01 tf» | £ | 4 = fl, 

031 ^i 
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. 4i>Jai\ ^JCj SJlill 4*ccl j\\ x | 2 < a/c a = i x Ij/Cj 

Lg— iJ t ^ ( p ) 3 5 ^o^j 
: Jte j I x {, pliJl * | x | a pliJ olo^ O*-^ . Si (r) j 

• 5, (1) = 5. 

t ^i."-.-U t_j *oj jcuj _j ^ ^ o 1 ^a^" L*L«Jt jLii . uLajJl 

<.<Ak£j t J*-l jp L~X \ Uiytu Jelij 6' . < t < oo 

la* 01 C*~J • i o | t = 0. j = inf { <: 7^} . S 

• {*: I* U<1} = 5 

JA^O dUj^J < | X |, < OO I 3; =jfc J^ 1 a* 1 ^ 

| ax |, = inf '{/ : £ 5} = inf {a 1. : i£ 6 5} = 
= ainf |t: ^^s} = a|x|,. 
4Uj 4| — x | 2 =1 x | 2 j| ^iiyt j+i S **j*>A\ ol ^ 

V** 61 dJi a*u ib-^ . |x| 2 = inf {<: y6*}<l- 

J iubJI */< ilfcll S x ^j^JLI o|* JlsJUj i S Ji 

tjil . S J> Ua;l i = inf [t: ~e 5} J *2jbJil 
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i S Jl ^ a;=x/iOU jx| 2 -inf {t: ^€5}<1 jlS'.o! 
^ l^lj . w 2 pkJL, 5_2Ldl ^Ubll 5-^1 > ^ 

{x:W 2 <l} o^JI uSl a- 43. 12 

^ dUi gsj . |x|, 7 W 2 

^ S,(p) CS=S 2 (l)cs, (r) : *\y*»V\ dUi * v Jfct^JI 

: V* 

V fckjdl jl Lc .0<P JT J*-l s,( P P) CS 2 (p) CS, (r p) 

j |x| 2 jvJiJl J> SikjJI t C 2 = t 7 c,=l/r jL^l iyu 

* 

.JlSilScu C 2 =P 7 |x|, 
JT 01 C~*J .JL4UII *U/Jfl old oUUaII J oljJaJI . j 
. 3iil&u t <o Jwu R n ^jf-ljti »Loi J tOljJaJI 

n n n 

(1) |«|t = |S6i l e fc | 1 <:|]|| h ||e fc | 1 <|i| 8 S|efe|i<c 1 |a!|». 

( 2 ) U| £ > C2 |x| 2 . 

:£ — ^. |*m"|i<4-|jfm|2- J (ro = l, 2, ...) 4__*^( 

* 1 u = I (nn 2 = 1 M • f « = t3t = ir, . . . , ^ 

SJUi. <£j£ ym {m = i, 2, ...) SJbll ol» (j - 69. 3) "LfiSj* 

57 



www.alkottob.com 



:0< ^ - 23.3 t -Xsi jJj^ . ■y = (n 1 , — , tj„). £U£ 

/ , x tj! = lim tij m) , . . . , ti„ = lim TiiT". 



: <Uj t 





1 -V 




2 



33.3) kbjJt 5~itA»-j u* 5 ^ Or* *4* W-a>- L. oi 

.SoT> (2) ^-l^il oil .0 - 

. \ x \ it fieu L-JL dUj^ 4iU (>■ _ 27.3) 






5. 12 ^Jl 4. 12 ^ 

:«JI bUy U ^ J, u bjJ 

•Jt& R„ ^ *Ui J ^ 

t | at U oyiJb i^ULl Sjb-jJI OljT 8. 12 _ 4. 12 ^^Jl 
r ^JI U .i» = 2 !t >l ^ c33.12 J ikulT Sjyd! |x| p 4 | * (l 
20 ^1 JU\ .>] Jai ^ ^ ^U. ^ 9. 12 

/>< 1 

58 



www.alkottob.com 



p 


= 00 







2<p<oo 



9. 12 



8. 12 



7. 12 



_ 69. 3) re- ^Juiil »Uu J <U*( jU|i|^ 1 S j£Jl o' . 63. 12 
oJju ^Jai *Ui J Up II* IK 1 S^&l j| iis-^ .(j 
Ja .^JuiS^I plaJI O - 53.12 t s- t.j&j plaj jl 31 * 

^jUU Jljjl IJtA J* v^ljj-t ol fi^ljU II* IK* 

.4*4^11 iUjNl Oli OUUai. U oj^ <L*»U- oil 

R ^y^Jii UJiw L3j>- »Uu £ ^SL) . iiby .1 

J»-l I y - * I > 1/2 j I y 1 = 1 f 6R ^Ui ^ r 

. *€•£ ^U*Jt 

0* d = mf I 1/0- * l.jSJ t y '6R - E jt± . JUjJI 

J! J j j; * n 6 3Jbi» 00> inf | y — * | = 0. o& ^ .x^E 
^.aSUj I i*jy = lim *„ 6 £ j&~>- tjJi* £ <jl Lcj * fo; 

x -6 .£ o-* . > uLi JLJUj . J» j-k)\ 

Jp 5 jbj j I y I =1 L-jJ y c= ^ . I yo — *o I < 2d 

:j x£E d& W* *o + * I #p— * |€£ 
Vo—xo 



|y— *f 



yo— g — i|y — z | 
I i/o — ^0 1 



^ 2d ~ 2 ' 



. t-> ^Ual! jA j 

R^^*^ *Uii j Sjw-^Ji ^ jl (F. Riesz .0) Ajjjiii . v-> 
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a»Lj: (j^JI ^ SO-aJI x u x t , . . ., x n , . . . 

V,yr 5Jl». IA UJu JJL" V SJfcsU oJl* jl be . >i/2 

jl^t . JL* <ui 4*^*r C—J 5 = : 1 1 K 1} « J>$ 
IjJ) oU*Uiil JSC-iJ .1^1 = 1 a;, e 5 ^ Xl 

^Ui I £i>>JI j*ry_ Ei cz R.UU- LJj>- Ubci »Ui ^UiJI 

hxi + X^x* UajU OljbJI JSlSJl *2 — *i I > 1/2 
x 8 £ 5, £U-i 1 1 5J_^sdl c — p- t j^-ji ,E Z c: R. Uii» JJj*- »Lai 
O^U- ^va. ii 6 E z : JT Jaj-l ja\ x 3 ~ x | > 1/2 J I x 3 | = 1 

• I *« — a, I > 1/2 < | a; 8 — asi I > -1/2, 

US' . | z m — a: n | > 1/2. ^ itTifl ^ Sl| ^ . JJbu J*j 

jUpI ^> *Ui J ^fs . j^Ji; *Lii J J-g^U . 73. 42 

J Ul .^u* *J ^-J ijUfcdi aJUUI t ^jUdl oUtdU 

. B »Ui ^ ^Up ^ iAJjll iJUJI iLUI ^ScJ . ] 

( 1 ) % + *a + •••+*„ + .. . 

3-JLsdl c~JLS" lit R J 4^jL5i9 1^1 ( l ) aJLXJI ^j. J^l; 

J 4jjU-« 4 Vj^ 1 'SJ 1 ^ <j*J • • • i ** = *i + t «t = ^l. 

ojliu ^ £,UJU iJLi. ^ ^ lij . ( i ) UJUI ^ 
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jli t 3uu2.NI ^ UijH 4oa«» *UJt C^jUu lit . 

• w r 

I a; m+ i + . . . -f x n |< I a: m +i | + • • • + I x n |, 

^-Li. j~UJ teSsj 

lil (1) 2JLUI ( Weierstrass ) ^1 j& jAa ^Uu . >■ 

ra J*-l O 4 '^y^J^ i |*»J<a B !cA*ljUI 

00 

.Zjjl&U 2«n -UAOjJI 2JLUI CJl^j ((ji^ |Jj 

00 00 

. ijjlil! ^LL* c. » » -> - 
:d\f lij (1) 2JUUI dj& >ij*£ if>\** • * 

^ . hmy\^J>l. ol— 5" lil SJupL-i-j t Ii^J/|^7[< ! 

.Aj^Jlp 2JUL ^jfiy**-. v. 41. 6 J |? ^ jUjJI 

: aJULJI ojSj (Abel - Dirichlet) c~lS"^p _ Jjl ^Li* . j 

( 3 ) + a 2 x 2 + . . . + a n x n + . . ., 

3JL£»- ilj^l ai, ffl a , . . . j R »UuJI ja iicil x lt x 2 , ... t^*- 

. C-JU iJuu (pli^Jb) SijJ^ s n = £1 + • • . + x n :CJl£'j JLaibi* 
OLJaJb 0!>L^yi u*jy>J 74. 6 J li jl ^1 ^ jU jjl <L^i» 

61 



www.alkottob.com 



( 4 ) o 

( 5 ) 2 sin n * 

_ 32.12) *U»/? 8 (a, b) Ji . b). »U*)I J 

(a, 6) *Uiill J s i n R f j cos nt /wl ^Jl o'l . [a, 61 

(4)*LJUIoliS \ b n |<oojiS I a» K^oojiriit jil. 1 jjUcJ ^ 
^L-JL. u- ^) («. &) *UiuU» j OjLb JljJI j*(5) j 
. b. j a olT [a, 6] J* (Uttb kjliu 1^1 ^1 (^Ij^li 
t b n alJ^l j'l Otv jIjlp^I <y aaJJ1\ 3JLUI <JU J 

. C^AS"^ - JjT ^Li* ^Ijls^I (bn|o : jl) an|o oj£j ut 
:(9)74.6) f yi ^ j | ^| ^U! ^l* ^ ^ bjj 

(6) y uxmti / — 

ZJ sin to/ ^ F 1— cos/' 
,y ^! o >Ji ul* > 0,C^ t [e, 2n - e] JUdS j t > - lii 

JuJiJl JI jwNI 0>JI J Jli^l i^Xj ijJ^ (6) OrljUl 

n n 

^ cos rat J j vi COS mt II - -.f 2 

max 2i sin mi ~~ 2l sin mt V 1-cose" 

o 

^>Jt ^ t ( 5 ) j (4) QcLiJl jli IJ£aj .i* 8 (e, 2n-e) 
ji . [e, 2n - e] JUc JT Jp f Uttb jbjU^ t 6„ \ 0. j «» \ 
^jJI Jp) fO, 2ix] JUJI Jp flkJb JcjjUi. ^ oli^JLJI <jj& 

/ 7 \ °° i f pour t = et * = 2it, 

V, — sin nt = < ji— / n^^^-o 

1 " I — 2~ P ' 

S ^-cosraf= -In2 siiij (0<f<2jt). 
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.UaJI jnkJ ^1 t fO, 2n], J* ^Ua^L (7) <LJUI C^jU; lil 

JbJLj .UaI! IJla Jl # (/) l^jjf oli (0- 2jl X 

gUI 61 (7) J^U- ^ Lil Si . [0, 2nl. J* \ j*s~a LwU 

• 10, 2«] J^l > (7) J Jis, 
a 1a ol» JULj [0, 2n] J ijMt js- (8) iLXJI jl 

. [0, 2n] J* tUifl tflkJL vjI^" V S^VI 

£juU JUII J* (8) j (7) ,^d~LJU jJi^ ujli; dJU ^ 

. (0, 2n) 

ol* oULiili jLiJI y» . ) ^.»Ja.*» eLai l^J . 83. 12 

^jo-Jij *Lii L>jJ olS" lil ^ jl iUU Oj^-i 4~»JaJI OUUaiJI 
R~ f iS *l— ^Ifr^ *— *■?**■' ^- ^uJ LjJLi <L*\J R 
bjlo ^^J *Uii ^j^Jsu tLai iwJ jli 4 JJJi J* lilj R (§ 3.8) 
^ jSbjj {£~ia&-\ JcJLwJ! ifc^JI J* J*"- 1 ^ : Uo;l 1?*^ J? 

. .14.11 »UaaJI 

L-i-v*J (3*l>* _}■* R l£ *Li* "UiJ 6* X j-a^z- Li L*S" 
«-Uaj R j^ll jSLJ . R tUaAJI j A^LfJI SOxi* iJijS" iJL^o ijdj* 

u^yi'j % QcJI "< j^L^p Ujtsr- lil JlJ-L-ls- L.»«.Jaj 

:SJki* Jp J^aai fi' fa> ••■>£„,...], z 1; x a , . . ., a; n , . . 
*i + J/i, x 2 + y„ . . ., + Vn , . . ., 

- ^ - sr 

I! (*» + Vn) ~ («m + ifa) j| < | |x n - X m \ | + || y n _ y m ||. 

SJbdilj {x' n } ^uLgjJI flJ^i* V^ 1 ? fan} ^Jl^il La U^^* lil 
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II K + J/n) - (X n + y n ) || < || x' n - X n || + 1 1 y' n - j/„ 1 1. 

iJl^ iJhit y ci-^ Jj {x n } <~>£ SJUi* X J jbit 
^ iJbi* ^ j4 ^ HI i_a*oJI Ol Jp Y jx ^ j*-> 4 {fn} 

• {«» + Vn) 

^ *«J»I jl i<**l>- tiSjLJI O^l^ jo~.NI oTp 

. JljJI J* y,} X ^vlvoJI J {y n } j {x n }~ t^Jbdl jL^-L, jLo" 

^111 uA*aJI -01 Jp XX *ljj.l ui^j X oa^JI J {x n ) 

o'iL. oLJI *^jliU dJ . {kx n } i^j^JI SJkxll (^^4 

.iJl>j*£}\ 

Ctfj t^UAJI »UaJL 2L*UI»I 11. 12 oyUI <y JlTUI JfJI ^ 
^cJUj»J (^1 (jl-> _y i-* _yi*aJI (Jp j*~JiaiM ^clJUjJI jl ^->*j c-ijjjcJI 
,y> *_i*aJI i_aJL> i^U- <a^i2j . JjNI *LoaJI j^cs- ^e- \Jk ^ciiljil 
. B, »Uiill j i i jUdl C»Ubdl .IT 

_ I 13. 12 OjfLJU <y J^k jlj r *U«aJI J Ipk; Ji-ju (jl 

UX|| = p(X > 0), 

SjUo .((1)28. 3) R JusJI ^1 »UaJI J AiLJU I >. 
uAvojl ^ JLS,*' 5Jb> *„ II X„ || = lim p (x n , 0). L,jJ ^ 

Sj^i, { Xn }*Jbdl Ol ^Uim || x n || =0ol»liX || = 0jlT ISI . X 
JJU 1/j x = oil i0 cAvoJI tj j*J jdl {0,0,.. 4 SJhdl ^. Sul^JI 
j {x n }. cfrZjZ C&J^ • ' - 13 - 12 <*L~il ^^'^ 
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Ubd\X + yJUM J jbit .^l>Jl J*. Kj X, ^^UJI j, {y„} 
:Jlill*» + JT» ||< ||a: n || + \\ y n || :t jl U {*„ + iU.iJLj&l 
I! X + y || = lim || x n + y n || < lim || x n || + lim || y n || = 

II x 114- it ar- iu 

:^JLf iijjaj L,jJ ^ _ 13.12 XJUl ,y jg'bi dii^Jj 
\\ KX || = lim || = | A. | lim || || = | | || X ||, ' 

J* jUjJI ^ L^l . v _ 13.12 UUI <y ULI oTlj dJUJuj 

. iLftJaJI AjjJUJI iuclnJJI oleLaiJI .93.12 

J* .j-J 4JI 4,,. Ja . - JI JLSJbU oUUiill 83-12-13.12 J UjCpI . 1 
JS* U» .KiaiJI jUpMI Jib- Jp *Ui r _^L. JUol c^oJI 

U ft J aj Ujlac eLai q ^UJt *Uii *UoaJI 11* 

^uaji ^ jaj 4 '|*| cju ^ zee" ^ua 'M 

(, I I =- * x^Q.d^ d\ |*|>0 (1 
:^0i* a jf j>l ^j^eCjr J*-l |cu|=|a||«|(2 
.(£±l\ i*Lw) C J y ji -J^l ^ \x+ y |< |x |+ \U 1(3 

(i^^J -cA**- i^?^ uT J ^Jlap ^5^; *Lvii 

j\ t < L » J a. ' JI iJLiuJ-l Ol*U<uJI uLtfU- JdJlC «Jal~J 

iiUlL bjj> »Uai tiJLJLM aJU-1 Ji. t Ljjip L »Ja j »Uii 

• P (x, y) = I i — y j. *i 
JojJUJI ^1 Oli x (t) £ & oiljil *UuJI o\ . V 

iij*. .,>* |a| VMS iwUI K ^ Ji»- J* ^Ui .Ui *JU ^1 uio^ 1 (f~ O 5 ^ ^ * 
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|| x || = sup \x (0 |, 
i 

*LiwJt Ijjk oi . C 3 (M) -J *J >V ii^*^ 

.(^ _ 32. 12) 

jLa^-L jl) CL£(a, b) -> *J j*j> i^r^ *^ 

II x II =sup |ar(0 | 
t 

4 UJaJ L.JLAP *Uai Jlf t ( G *UwJI J pkJU I * (t) | j^, 'vl^ ) 
32. 12) ctUAT "C JIT jl fti *il .C S (M). j *l 

Oli <i,_>».Jri.:.H < JLa.4- 1 OULaiJI cJ.iJg jJu «•! ^#-1 Juy . j 

AjJlap oULoaJ iULf SJLul ^ -32.12 l y>J> OjljJI ^xJll jUj^I 

(a,j£p ilAplS" Si, . . ., | n oLJIj^^l jLspI ^4) ^jJuJt ^UUU 
Is. j • U Jju.I £ h *r.'j I S k I 2 (4) j (6) ^.j^jJI J JubT, 

.(a _ 33. 12) 5-|sm ^ 
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OjS* JS" OJ . y 'j jda&JI l^ilj^l X* i M+IBK1 oUiat 
. UHk. ijjLst A* ^j^Ji! ^Jl* *Uai J {a; 6 C : | x — Xo |< P> 

_ I 53. 12) JLa>- »Ui J OlfiaJN JiVS^T J» j ji, JLj . jfi 

^ (<j JU-I j_* ^ JL.L; oUUii Lgii-JLl jL^NI oli 4-,...,kvll 

J j>- ^-jj <J* ' a-a-aJ-I oULiiJb jio \fi jUjJI Jt»u .J? 

Jp jU j«JI 4 "**'* Ju V l^P ^Ja-i *Uii j £>l j^JI ^1 ^JlP 

J SijIjJI ^^oJU *Ui J A-JiNI J-!*- ^jU; hjiu JT jl . ^ 
«Uai SJU- t ^jJu ^1 UjJ^ i Jci *Uai j^y^ 73. 12 

:^j2JI aUL j&J .J^jf Jli« Jl La ^JL» i£.Xa* 

oo 

2a h (z— Zo) h , 
o 

»Lsi* <y j^U* flft 0!>l«l*ilj (jLjkip (jl^J* z J z ^r*" 
: Jai^\ t^i ^ j2i\ J*-b Ojliu aJULJI o JJk jl . C.fb"j t j^> 

1 



^jS' ^-Li* J~Ja^j t 26. 6 J ijljJI jUbl* _ jjZ-* 

. i _ 73. 12 

OUUuJI J Jjlj _>A ^ li^ C t£ J** G Ju^JI jl . <j 

.UU U.Vi; LiJlap *Ui Jtfj (83.12) 5JLJLU 
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.* i 3jd s L\ oULiaJI .4. 12 § 
LjljjJI ^LS lu£c OliUil ^li ^oMl *Ui J ^iai-J . 14. 12 

JjSJ r^jJUl »l.x»JU <_i-j»cJI y>U . UjKi; jjl bljjjl 

i/*^ 1 '^f 1 t^-d (XyJ LiJL>- bjLP H <y y j Xi^LT 

. (0, 0) = ; x ^ 0, :6ir lil (x, a:) > . I 
. H.J y j x JIT \#a (y, x) = (x, y) . ^ 
a t;? 2JuLI i.uJlj H J y j x jl^ (ax, y) = a (*, y) . » 

. H. j z . t i 'x JIT U" (x + z) = (x, z) + (y, z) . J 



/ \ m it tn n 

i=l h=l i=l h=l 

aU-I fjJL- iSJLUl Vjj^ 1 ^I*UaJL iiLcu iiUI cUJUl jl 
.(44.12) JuaLJI SJjJLLI OLUUL AiJUdl OUUI 

. Alio] . 24. 12 



.IjJ-b 86. 2 Jiol ^ JJI i?„ Ijl*. ra . i/Juli^l »UaJI oi . I 



1 

J^Jj^l i? = {ri„ . . ., t,„>. ' x = {6„ . . ., l n } 
JfJI <y aJI . j>-T (^^JL i? n Ijku n-^i »UwJI Jijjj; . *y 
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x SjX d^X y = 2 i\ h e k i x = ^ ^fc^ j 

j>l-oJI t L.J ol» ( 57. 2) e„ . . ., e„ ^ y j 

:( 1)14. 12 



i/t'a: i^a^ c£*WtJ ^jJLJt »Ufl ^ viUi jcip >(ej, ej) 
iU**ifl J* c^l . a> ]h = (e h e k ). jIjipMI u^p- oJlp-j tt^laj 
«^ft = (ej, e ft ) = (e k , e 3 ) = <o w ^\^\ J„^_i jj^ j( ©, fe 

( Xf X) = J ^|ft(By h > . ^ 



o ^JiLi* II II ii jL*L\ jl dUi j^aj i.x^o J»-l (>• 
UjN Itjsi JlC 5JUI OU*-lyJLI ol j— -r^M j ,}*jy. .l>y Aijwj 



wj, > 0, 



%1 <»>12 
G>21 ffl 22 



G) a ... 0),„ 

0, .... ...... 

C0 nl . . . (0„„ 



>0. 



.^jliiJ j£x . j _ i 14. 12 J24 4 i?n »UUI j UL .Uj. 

J^ll 2ultt ^JJI JUI j>l-jJI ^ U^UaJl t *s, 4 UL »U»- 

:(1) jy-jJU j*iJLI 

(2) (*(*),»(<))= J *(*)»(*)««. 



.[ 69.7 4 14] g-lj * 
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OlJbiU Jf ^ JJjll ( J _ 33. 12) l 2 ^UUl »UaJI jCj6 . A 
• IjJ-l u>> . 2 & oo ^ X = {|„ |«, • • •} ioJuJi 

n=l 

: jji-jJL. J/ = {tin} 6 h j x = {!•„} 6 h (a:, y) j-JLJ! 

( 3 ) (*, y)= S fe»*ln- 

n=l 

g£J j£^\ ti^laJI ALU ijlkll VJ^ 1 (Ojl^l d[ 

.JUU-l.oOA j a^Ju a _ 1 14.12 oj^UI o\ \f . b.j a c^>- 

^ jJ^ll pkJI JjUsj . Jj<JL* *Ua* i 2 »UaaJ1 

. j _ 33.12 J Ji-jdl ii ^jJiJ (3) 

• J-^M' 1 2L»Juft . 34. 12 

: t^—i — *a%>-\jjt (86.2 jx* c L xa Jbwu l US' ,1 

|l ^iljJI J uSl) H *Uu ^ i c5r*^ S^—Jb 

■ 

|| a: ||= + V"(3\ 

3*JLil £UJ : j jJLa *LsaJ 13. 12 Ol^LJll ja ii _>f~j JiS'ldl ^Sjj 
.>■ _ 14. 12^ v - 13. 12 iJULIj J _ 14. 12 JUL!! (j> I _ 13. 12 
OtfLw* ^ UUJUaiw.1 Uli >■ _ 13. 12 tUill aJL^ l(j Ul 

.(1) a>^Sj\\ flj^c-l 86.2 JjJLAI »UiJI 
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:£>J1 lift y U .ojjjf <^j»-i OU*li- 

<y 3JUI SljLil LoJ .:^LU>^I tfjljlo J jj> 2£i> y 
: H.Jj>La *Ui* y y 'j x i>*^ 

■ 

( 3 ) + » II 2 + II*— || 2 = 2 || x || 2 + 2 || y ||« 

Obu^ <£j^ (^Vj^ 

. ( i <P%J>\ 

I * + V II 2 + II * - v || 2 = (* + y, x + y) + (x - y, x - y) = 
= 2(x, x) + 2{y, y) = 2||x||« + 2 \\ y || 2 . 

Oli ( 3 ) i» jsiJI *Uii jJaJ Ja>- lil 4jl J* ol* jJ' 

yy-i J fin J {II* ii = 1} o>ji ^k- js^i y> u 

?(! _ 86.2 ]\x\\=V'^T) 

: 3ULU *Jla J L.JJ 

(*, *) = (S fe» S = 22 Uk (e } , «n) = 1 , 

3 h j h 

Lc t iJliJI l>- j jJI ^ jTy ji ?tk-. || a; || = 1 « jSJl l?I 

*Loi j \ft> j** Up ^cjjUi* ^Jbw» y n y j Xn ^*- x • ' 

(*n» yj-*- (*," :Ol H Jj>V* 

(x, y) — (x n , y n ) = (x, y — y n ) + (x — x n , y n ), 
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:jl (1) A>~\ji\ 

I (x, y) - (*», v») K II * IMI y — 11 + 

+ II * - *n II II J/n IIS 

J \\y-Vn ||->0 oSl -oo Jl n a Jl jX^I ^>>JI Jjj, 

.(v - 33.3) tijjjt y„ LjUdl iJUdl oSlj ||a — x B [( 

.( 10, nl JUJI J) «1* (1) 3*u»-l^ll j^^i: 

bl o'J^Ui. (^1 H J j>L* *Uai & y '3 % ir*^ J* • A 

jl ^ u»o"sJl y^Oj^^O jlT lit . (*, y) = 

J* fiy* fJMlM jl . -J ^jLi JJI jvpUUt kjlj 

(1)24. 12 ,^JLJI .lJufb fl n ^Julil *Ui J a*UJl J* ^ u^S*. 
J* 1 y = (tii . ...tin) J a; = (E 4 ...,?„) :,^*UA 

jlS^o. 

k<J J-JI (a, 6) (jwUI »UaiJI J Ju.UJt Jo j* y^SOj 

: js^ji Jp ,y = y(t) j x = x(t) ^u*ji jUpL t ( 2)24. 12 

6 

f x(t)y(t)dt = 0. 

a mlfm <LU>- OjLp Af- 

(*, a,y, + : . . . + a m y m ) = a, (x, y t ) + . . . 
. . . + a m (x, y m ) = 0. 
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I a* j t h J LJ_rr ( ^ 6 H SsJLi a*jJ? £U£ 

X 4*^il) * (J jl) Jp Ju.bd! J*£U J>l *UiJI 

jljmUeu y j x j\*UJt jl . I^amj J** jj^U-i ijjiai . <j* 

jkS * + y £UiJ1 iaJj^I i-jdl J JUM y> ^ cj&j 
•Ufl JjS^Sii . y.j x j^UiJI J* Ifidl -UjljJI pJUJI £JWI (yj jl) 

J-vai V j X JuUJ ^IJls^-Lj 4— aJ J £ 4- # £UiJJ ^jJLJI 

II * + y II s = (x + y, x + y) = (x, x) + 2 (x, y) +(y, y)= 

= II* II 2 + II y II 2 . 
p**; J4JI .je>-^li jydviJi ^jLj (yjji 

x u . . ., a: ft j&J :JjJbU <y ^yLT JJ* SJU- Jl X^kJI 

: bJ tj/ = + . . . + x h j J£j> J^> IJu>\jO 

II V II 2 = (*i + • • • + x k , Xi + . . . + x h ) = 
= II X! || a + . . . + \\x h II s . 
JUUU* Jl LIU UJj (SjutUu i*^l ibr Jp J y*>& . oJutUIl . ^ 

j — . 3 J — «L*il 4_-A_iT Ll» jj^j—x-J . 3jl_«L»o «i 1^-^ 3JL^ 

jl ^ < H tij>Ljk *Uai J «i*Jtl ibr- *ii *2» • • • » *n» • • • 

.UlP- 5JUi««. tiiAJI JUUJ-I *n IjfU* il^ 

: ^JL.jJI flj£w.L 

y 2 = <*2iXi + x%, 

(4) y, = CsiXl + 082*2 + *s» 

tfn =anl*l + fln2«2+ • • • + fl n. n-i^n-l +*n. 

Jp J_^aJ-l t ljL*. IjL^-l a^h O^UUil jUi»| £. 

<tJ ^. ^ sju.uaij ojuai ^ ui^i ^ yi> • • ., y n , . . . 
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. Juo LmJL I j-uLo ijU^-^I oJu>- a jk 0*>UL«cC i(4) ^jL.jJI lJ *»j 
C-l. JI.U1JL iiUdl JbjAkll Joj^l Jiat 5JUJ-1 oJl J>- J>>-j jl 

J 2£>«Alj '(^-Si* cr ^« oJl_»L»cIIj A-^jL-idll _£p J/i! • • 

*i\ dUi jliu i(4) iUfl j re - iUajlp £JUI J/ill oMiUJL 
<g>y**j t(4) j n-AjjJI aJjUII J2aft y n £U£ a laft I ol£*)fl; 
SjU J££ J y„ £UU» J* d^J . y t , . . ., y n _i **^l Jp 
: _p»JI Jp ljubj x t , . . ., x n 3Ja>- 

( 5 ) y n = ft niyi + • • • + &n.n-10n-i + *n» 

:j 4 ILL. I^Jp J^il JUAMt ^» y u . . ., y n _, 

Vk J ^jjaII Ju«UiJI ^loiwL-Lj (fc < n)*!^) y* J LJL (5) 
: Jp J-** »i, . . ., y h -i, y k+l , . . ., y n _j : Jp 
ifc) = b nh (y k , y k ) + (x n , y h ). 

J^UJU <Jil*« Jl J*aJ jlsdii LjLwt t_i jkJI J*fr 

. pjjJdl ^ y 1 >- II* j (y h , y h ) # J>JL) aLIS fe nh 

sijUi oU & nl( . . . ., & n .„-i o^ui jr ^ Ux* 

JS" Jp t *l£Jl t^UiJl IjtA .y„ ilj^" ( 5 ) 

J*-' <y • y n # ob c«iJ jl <^ t y u . . . , y n -i 
J-^il yi, • yn-i o'jLp (4) J n - *kUI J JiU 
SjLp Jp JuJup Jya^ <n — lUijLP ^JUI SajUI O^jUII j> 1$Jp 
. 1 iJwJI x n J-«U« t^jl— j vl-»- • • •» x n iJ^Ju y n J 5Ja>- 

A_*i*ill ^ (jJa*- ^^jl J* J— ^ UJLi L-jljCL* y n jLT jJ 

Oil .^>jXJI ji J* II*J 3^1, 1 £n-l) a; n . 
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en= irSir ^ J* iH ^> <> y » t. 1 ^ J** r 5 ^ 

. i-Jb*Iaj oJueUle <br 1^1 4 3JU*JI ol* J^aJ .1 <gjl~i 

jriij r uji ouycu uj» . „ o^juiii ji*ui jrii; 

lilj (4-41. 12) ^UJi ^»Ui U-L^ Cc^Li^ b\£ lit j^lii. 
y'+--+y» i ■ z'~-<--±xr, JkUJI tJUi J* SiL-j tCJlT 
: JUjJLJ ( . Ve'H' t , a^j , j/' 6 H',' ^) 

(*', {/') = (*", y"). 
IjuUi* L-U H n ^Jajt* Ijlaj ! « *Loi J ciJLlJu >LaU 

n 

l " - 

l 

: ol* 

n n n n n 

( 6 ) (*,?) = (S i^h' S Wm) = («k, Cm) = S 

v ' 1 1 11 1 

"n 

^ .(6) iJjaII ^^JUI JJ>» (( ll. • • -I In. ) 

jr oi» .(i _ 24. 12) R n ' .uui ^ jriii* h„ »uaji ui 

jlu j)j J>- {ft .V-*"^ 1 lT* -ft^ V 31 ^ J* * i >r ;JI 
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^IjdJ oL^^I v^ 1 J Jr^ 1 J 2 ^ J J-WI olS" IL . 44. 12 

. « r ««*L» J£ij (jjJLAI *LsAaJI ^ JfLa jMJO Iw-Jl c 2Li JlAaJI ^iJI oli 

i J-r UL JJU^^I ^ V ju'ju* .JujJi* ojS^" ji 0^ >S 

\ Kfry jjSJ ol t/u^; ( ix, ix ) SjUJI j'V *- _ I . 14. 12» 

* - 

{ix, ix) = i (a;, ix) = i (ix, x) = i 2 {x, x) < 0. 

t— » jsiJI <LL* Uj&> ^l*^ *Uii t^l) JuLe- ^bti *Lii ^ J^aJ 

J (^J-JI »Ufl ^s^. t y) loi» ba*'H & y j x ^Ui 

: iJUl J? j j^JIj ^ v. a JJ i y j x 

. (0, 0) = 0. i * L. jclp <(x t x> . ] 

- Soil) ft. J y j a: jlT ^ (y, a:) - (i, y) . y 

. a j h J y j (<**. If) = a (*, IT) . 

H.J y, z jlT U> (* + y, z) = (x, z) + (y, z) . 3 

(a:, ay) = (ay, x) = a (yTx) = a (x, y). J 

m n m n 

( 1 ) ( 2 ajxj, 2 p h y h ) = 2 S a^p h (x Jf y ft ). 
J=l ft=l -i=l fc=l 
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. iAL»l . 54. 12 

bjii* bop n XaJJII oU^^JLI <y dy&i <uM . C„ l-bv 
(LJIjl*-!) j_jjl.UsII <#r^ * * = (li, • • ., ^ 

j * • : &.).' OIT bl :Ji ^^JUI .UfLj 

JL^Jb i - i 44. 12 Ol^JW £>l . rift. J Ji» jll ^JJuJI jjlJI nfc 

. 3JU-I «Ju» J 



.[1. 9 £.14] <^j»-l JLJL oUloji C n »UuJl jujj; Uijl 

JUjU C* [a, 6], *U*JI j» j VjJ^ 1 ^l*U*ij >T Jit* dJL* . w» 

* , : jji-jJU tj ^jJUl *ljbLU Jjjllj 

(*(<),'?(«)) = ]*(<)»(*)*■ 



. J«l&dU oabdl OU*UU y iJ_^-j ^ - I 44. 12 oUoliU 

,UaJ» j* (i _ 24.12) I k ^jSJLU »UaJU i^JjuOl JJJJH u! . 
, J-Ji* jjl i = {!„) 3L.jlLJI LidJuJI oLJLdl <>_, JUjLI 

^JJI La J*u . § | £„ |«<oo. 

°° _ n-=l 
n=l 

.\y^> *A OjJb 44.12 o\fLJLI jlTLJI j£x 
aJU-1 J JU.I \$ pal .^Jla* JjU-a »Ui H .1-64. 12 



(1) ||*||= +V1£T). 



: (2) y) |< II* II 1 1 3/ II- 
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(out — y, ax — y) > 0. 

ao (x, «) — a (x, y) —a (*Ty) + (y« > °» 
a(x, y) = * I (*» I/) I iiji^t ) a = fc-i arg (*, v> . 

(x, x) — 2* | (x, y) I + (y, V) > 0. 

■ 

oLJU- IjjJl*. diU ^ jwMI wJ>JI J AjljJI ^ 01 bs 

.^^Ikil 4 i (a;, y ) |* < (x, x) (y, y), 
fjib-J (2) 01 iSJULW <JLU J JUU y> ^ t ia*-!5C . y 

ll* + y II < 11*11 + II V II 

.(i)pkJi ji^b 

\£ » ^kuJ . ( x , y ) = o. ol^o[olJLal<Ol^lH^J^ Jj>L» *Ui J 

X t) X n , J^SjlaU, 4(J ^_ 24. 12 J Jjj 

^"L-oJI < r ~~>- *LSJ! tJl&iU Jl ^1 4 LkJ- Jii~. bp. Ail* JT 
4^U-4^.^^Sx.Ui4ji4j*u -C iiAJtliL^4(4) ( _ / ,_34. 12 
1 — jb^j Ij_*L«i« L.L.I diis H„ : »■ « <c jJL* J jjJLjk jli 

: jji- Jl J^L y = S t) m c TO J 
1 

n n n n _ 

(X, y) = (S SftCft. 53 *W?m) = S Sfc'Hm («h» «m) = S 
11 1 1 
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_ 54. 12) C n .UaJI £. JTlAi. H„ :n oj*u *Ui jl ttS-SJ-l 
Ot*l— ii n (^Ijlju quJ_i* jiJLa ^j-jt-L^ii J_T JlsJb ijlj (I 

jl» t *Uai J oliJl jj» ^ . JjJLa *U«i 74. 12 

.oU ji- jl ill; jjSj; jl (iJJ»* ji iJL£»- )iJj>^'' :: ' , * l ~**^' 

j» CJIS" ti^l aU/tfl Ob iJ^ 1 ^'*UAJI ol» Q£*j 

t j - 53. 12) i.1" OUUi 1*1^(1- 54. 12 t<r > J _ 24. 12) t ijuU 
ijj. - 23. 12) J^l^ 1 ^JUI gljdl ^*Ui o[ .(^ - 93. 12 

l,,* oUUmJI Ui .(v - 62 - 12 qyt W (v - * 54 - 12 

(18 J4j*sJI) JUU U* («r - 54 12) ^JJLJIj (a - 24t 12) JULU 
k$ «Jij *Uai alaiL A.».>».'J ^kuJ UJli Ul3 H J jJL* »Uoi |1 lil 
»Lai C~J J jJua *Uii 2u£» jl C-Sil . 83. 12 J LUi 1^ H i£ j4 
j J j«J o'l Lie tiJJi ijjJ . JjjJLj* *Uii u* Jj (-—^J L^JiJ 
SJU-I J ) a _ 1 14. 12 olfLil j£»ti; owji ^jJL k_» iJL* it^JI 
.(ijuUJI SJU-I J) a _ I 44.12 o^JU ji (5JLUI 

C~£j . JljiJI J* y j X 0jj>-<*il ti' oL ^ ~» cfcr'j£ ^cJlxi* 

n cxd, U il^ (a:„, alapMJ <jl 



I (*n» #n) — (*m> J/m) I = I (*n ~ *m, I/n) +(*m> I/n — Sfm) K 
< - *m II II J/n II +11 *m II II Vn ~ Vm II- 

{>■ - 17. 3) JtijJL* { yn } j {a; n } u^-^ 1 u^JWI jl U 
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J \x n } SJlzdl jL~»-^ jUj ^1 S^jo-'ill oJub jl .Jul^ JJi; 1^1 

{y;> j> ^ 4 roUJi j {y n } x 

I (*n, - (*„, y»)\ = \ (X'n - Xn, y'n) ~ (*„, y' n - y n ) |< 
<ll II IfA || + II x n || || y' n — y n || ->0, 

J («;, ,»;) c^.i^JI ,#Jl=U J«6 tfaJI ^1 y»j 



(X,Y) = lim(x n ,y n ): 



jl oj-^ y j X jyuaJL (X, Y) olf lii'j US' 

Ji; j_jLk. y (Jf X) = lim Y(x n , x n ) = lim || x„ || j.uJI jli 

jl) j _ v 14. 12 olfLil jli JUL, .H. ^..Ji-JI *UaJI J X JUJI: 

* - 

ol^JLI J iAfS\ Jl 5ii*£ (ijjiiJiyy.1 J i _ v 44. 12 

:SJLUI <JLW J JUll J~~ J* LtjJ h. *UiJI J 5J>4I 
(y, X) = lim (j/„, x n ) = lim (x„, y„) = (X, y), 

n->oo n->oo 

. aJd CiULiaII .84.12 

c~i Li-As- 4^jii ) l *Lai ^ j-a* i UUs-'l ^Jufc . I 

OlfLil Jit (x, JUol ^fel-J Ul 4 ( Si5j UJI j£* 

z=£0j*t* Js*jS : \ _ 14 . 12 i»JLJI ^ j.y 14. 12 

.te^-Jb**?* *r* *^ • (*, 2) = o. 

41. 12) X^JI ,Uj J| L «LiaJI Jlfc/tfl OlS^^U Ail 

I il (z, z ) =0. z J£i Xp^^J^UjU* £ jbai . ^ 

4 ^ij^Li^ _ 4^l> jli U-T y e L j\ (z, z) = o. oi^ 
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: { Joj>J o . u 14.12 J* lr^.rf J^ju ifj^ 

(0 l(z.y)K"K(i^)V A (y77) = o, 

0i» «2 € E, <■ E i d& \'*\ . h. {j* Jyr *U» E cjJ 

.-JoaJ (1) 490fljUI 

(zj + z 2l zj + z 2 ) = (z l5 zj) + 2 (zj, z 2 ) + (z 2 , z 2 ) = 0, 

■ 

:^ jt-J (zi, xj) = 01 Udl ^Jjt J- . «i + z 2 6 £. Oil 

(az t , az^ = a 2 (z^ Zi) = 0, 

(X, Y) = (ft y) 

J*(X, Y) Ovi-flJ 1 J y J x C/.s**& A^V ^ c** •'■ X * JJ 

i, = y + u,i = x + z, vi— -4 yj ~ y, Xt ~ x u-^J • (i'j-^ 1 

rbjJ o> (1) o* t^ri • iJjL: * 4 zeE ' 

y«) = y) + (*. y) + (ft «*) + ( z > ») = (*» y> 

OIT lit . H.*Uiil J>l i - V 14 12 oyUH o* 
.Jflks X 0>l * x 6 X J*l J- ^ *) = oU *) = 0. 

jlTUj ^Jbj _ 41. 12) L/E .UiU ji~ai\ ^jJl E oUJI 
^g^yj >Nl oUUb jUsi If* J - 14. 12 5JUI o- 
H = L/£ ^UaH ol ( 2 ) t -*^ cJI <yj L * L *** JU V-^ 1 
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Oli (2, z) = 0, : jJI z € L jv*U*JI AP^i? ^ £ CJlS" lit : L 

^ «JU)U G (a, 6) ) l /JU-l ^UiJI *UiJI jC/u -Ml JL- J . J 
r^JUl »ljJ.b ajjll la, 6] Jbf Jp ^kiJ S>LJLi gl>JI JT 



(*('). y(0)= J x{t)y(t)dt. 



CH ^ i - 14. 12 AjLdl Ul AaK J - v 14 - 12 0> 
<y A£U jJkP »t£u-b jlS" z (0 € G £^ W» ' ^ 

(*(0. *(*)) = J z 2 (0^ = (3) 

. G.*UaiJI ^.J z (f) j' 0" (fp^ 1 Jp t *■ - 61. 9 t^^o- IjiA j 
*Uii (Jl j^Lc .Jj^J» "t-i UjjJLa *Uii ^^J G jli (i^Jbj 

uii^ V jJI gljsJI 1^1 :(3) SljUl JSJ. ji\ z(0€G gl>d» JT 

*Uii J£i~; . (a - 61.9) JpUJI ^ A£L« iJs- J Ml ^L,aJt 
^ lil ui^aJI J Obub oj^o t x (0 6 G ^l^ 1 «-* j>« G/£ 

oUjll G [a, 6] ^juUJI JjJLAI aJL .LiAJI JU&MI Oj . j 
*ljifb ijjil t b] JUJLI Jp ^kij o j+z~M Lai*JI gljsJI 



(x(t),y(t))= ^x(t)y(t)dt 

a 



ciJ^ll £ ^jf I *UiiJI Jp g /jb ^JiaaJI JjJLLI JL-JI *Uii Jl 
^ tJ#ULJI <y A£L* jap j Ml ^LmJI M jdl a\.Jia*JI ^IjsJI 

.iUbr IajJoj 
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,,jfi\Jj> J* 3 j^i-il gl>dl *tai J oLt^iJI .5.12 ^ 

^ JUjU ( JI>JI Jp C> (Q)) R> «?) »UuJI oi . 15. 12 
^U* *Ui Q ^1 > Jp (JljJI Jp i.JiA*JI) iJLSJ-l 

- 32. 12) fbj ( i _ 93. 12 t i _ 23. 12) {J ^Jij (J _ ^ 31. 12) 
iJLIsM ^l>JI <y iiJj* B (<?) iiJbj* Juki- A*br jCjc~» . ( a - 
^ ^1 Q. J* 5>lJLI ( JI>JI Jp ijubJI) 

(JasUI ujUi] IL~Jb J^^ULI B (Q) 1 J* 

Jp S^^l gljdl L^ft (Jl^dl J* 

j» !) J z udai; J-aaJ 1^1 <y 3 (Q) A*b* jp JjiJ .1 

<p (z) q> (y) q, (s) ^b" b (Q) J ^-J Q 4*^1 

^^iJI J^. *il B (Q) jl J^l ^ . ( V j z ^^ckiJU J^li ^b 

Jj • /(*) €5(<?) g^i ^ U* /( z ) =/(») ^ y J * 

£|>JI JT ^ jl 0^ ^ **lrH Oli 

J-^Mi Jl JUij^l 2bJlS iJ Lj UjT oijljjl SljLAI jl il s j^JLI 
V Jlill J--. Jp .pJidil vjULJJ JL-Jb apLJ-I 

a; = z. J*-' Cr* j^J x = y ^ Cf* f"^ 1 P (*> J/) £ Wl 

J* 3 ^*iJll ^l_fJI B {Q) ap\j? J**!>b> ^jat jl bjji lil oi[ 

Q 4p_^dl Jp UJLLI gljdi 0* 5 «?) ^ ^ 0* ^ -V 

• /(*) l * J, >^ , 
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max {a, 0} + min {a, §} = a + p, 
max {a, 0} — min {a, p} = | a — p |. 

: £(x) j f(x), oJLi*- CpJS JT J^l & t LaJ JULj 

mK & <*>' * <*» + ™» {/ (x), , « / w + g Wf 
™* {/ (*), f (x)}- min {/ (x), g (x)} = | / ( X ) _ g {x) 

j max {/(x), g (*)> J 5_JL_j ,#daL-»ill »>d«^-* 

^ ^jat 4 jo>- 4_SL* ol ^j— ! min {/ (x), g (x)} 

l«JI U^p min {/ (x), g (x)} j max {/ (x), g (x)} 

* - 

U,i l^li ^ ...,/„ (x), glji ^ 

min {/, (x), ...,/»(*)} j ma* {/, (*), ...,/„ (x)} 

k^-Jaii 5jI Q J* (<?) *^ai- A^Ji CJUai IS} . AjjJoi . »■ 

*Ui J JIT JuLsS* Vi» e (x) =s 1 ftB Oj^lj ^IjUl ^ 

; JuUo** JCU-Ji il J j j j^doUl JCLP g\j JS" Sjj jsiJU 

q, (x) 1 fl (p (x) + b-1. JSLU' <> Ua Ja* a* oi 

^ 2 OtiUI CJtS" . I l^L" / (x) j Ja** e > 
gl; UjT «Ui U ilatl j£c (j^cikii ^ jl jbiJbic ) 

<P*i/ (») = / (y) i q> w (z) == / (x). 5 (^) 3 <p ZJ , (x) 

U tv = {*€<?: <p 2 „ (x) < / (x) + e} . 
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^kuJ bl 79.3 ill* yl\ {j* jL .-Q^iJUJU 5Ja*J q 3 y 

: £^bl jC*J . U 2 yi ,-■•■< UzVm <Lfr " ~« <UaAJ 

q).(ar) = min{q) tl , 1 (a!) <p*„ m (*)} 

4jliSjb-ljS»«s-l> JTill JPvUbtOlL: 5 (#) UaiU aSLaJI Jl ^^1 

J-*-l *P« (*) = m ft in </(*) + e : LjjjJ ol» i 

. (p z (z) = min(p ZWft (z) = /(2) CJ^JI ^ J bJ . £33; 

V z = {*£<?: q>, (*)>/(*)-«} 

5ii»jJI 4. — >■ . q ^yljUU 5Jai; £ 3 z j**bJl ji-l <y 

F f ,, • • v z n :ij4^ 4~k*u" IfL* ^ic-JU. o' 79.3 

<p(z) = max{<p Zl (x), .... q, Zn (z)} 
: *l£Jl b jjj t B (Q) iJ*^ 1 5S ^ JI J 1 Uiji IJub ^Sa 

: oil 4 q3 * iki; Js-i ^ 11* j v*, 

max 9^ (a) >/(*) — e. 

/ (x) - e < 9 (x)< / (x) + e 

.Sj^kJI 4LJL1 U Ijjbj 

: y'j z j&J : e(i)sie5(^) ^^l J*^ ^ ^O^ 1 JaiL ~ ; ) 
e j4^JLI ^l>JI JS" 4aJJ1I ^Lyil iSLiJI jl 4 Jvliajo jdaU 
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j oir \c*\ y-sr c~j / (z) - 2/ (y) v^i js* / (x) 

. fl 8 ((?).) *UaJI 
.(Stone) J^lw Aj^JaJ .25.12 
5 (<?) Splar Jli ;(i - 81. 12) jj. fUJl JbycdU ULi» . i 

/ (*) ^wLT JwuL" I4JI jS»-l X* / ( X ) g (*) /uUI B (Q) 5*^1 



*£! B (Q) Jl I / (*) I ol CJiJ . olftjJI 

. max I / (x) I = 1 j£c S»«-£jl o« ^1 jjJL/ . *J / (x) 

1 (._,)... (i_. +t) 

• ' • + 1-2-3... n * 6J 

3UL. 1^1 56.6 Jj (a=-l/2 ^J ^ ) J - 25. 9 J Uj 

i/wi=/i-ii-/«(*))= 

= i-4(i-/ 2 W)-l(i-fW) 2 +...,- 

2 8 

j»f 1 ol U . Q J* ^ UisJb AjjUi. aJL-L ^1 ui >JI aJUL 

j*j ( I / (*) I 6 B (Q) jU jJiiUi v jUiiJ ^JL jU, fi (0 
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B» (<?) *UuJl J jlS" 1^1 

.f tir.Uy jUdJA^JL, B (<?) J^!>U F(5) >y . jU^JI 
/n (x) / W jlS* lil : ljj>. Ul.1 Jli "fi^") ApUJ-I jli JU-I i*_Jaj 

:OL_»(Q J*fl— JWL-;) ft, (*) -> g (x) <j\-£j ( Q J* f UiJLj ) 
^ jJI ^1 ( Q J* f UiJU ) /„ (x) g n (x) -+f(x)g (*) 
'8 (*) € j / (*) 6 B~(<)) : ^ / (*) g (*) € B~(<j) 

ul» jU* B^Qj" ji If («* - 15.12 l,Jbl\) r°{Q) *Uiil 
J9T ^> 0^ ^J* 4 J^" Ol J&*J jj . I . 35. 12 

iosji jr ^ jujw c § (<?) »uui j oir y oLir 

.(5 

J-fci jji- SjjJaJ jli JL^I J* j*i L;jJ Ji£ lil . o 

^Ul AJlyl Ji^ <P (x) = « (x) + iv (x) ^Ul <£js*-l lil 

. q> (x) = u (*) — i" (*) 

B (Q) Jblz* j*? jl .(<£Jui* j>fr 5-^1) . O hjioj 

C* (Q) <4^ td' j&r y> oJ*-ji\ 
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3u (x) = i- [qj (x) + ^(x)]^ 1 ^ ' '^j* i B (<?) j«M . oUjJI 
J—S^JI ^ L*L- -ull^l jj^j: » (x) = ±- [q, (x) - 9 (*)] 
U- 4 ^jfl B R (Q) _j . q, (a;) = u ( x ) + iw ^ 

z j y jdaAiijI^jJ. (jcf-l II* J**u. B(Q) 3h {x) ILaJU-I ^.IjJI 
jl u(y)^u (z) L*l UujJ op 9 (y) ¥= <J> (z) ol^ ISI ) q y> 
25. 12 oj-s- J— LjjJJ .5j-»- jJI «« ,4 j ( i; (?) v (z)) 

• B(Q) = C'(Q)**j B R (Q)=R*(Q) 

. Oy~» (J$tjtoj j-9 gJtJ . 45. 12 
B (<?) jjf i ulj i?„ b ->-^J ^ u >r Q c^ 1 -^ 1 <J\ .\ 
g o\ . p *») ^r^ 1 a* ^> 

J-^>ji3 5j^kJI oJlA . UJj iii^ »- _ 25. 12 jji^ ^ J 

:aJB o^kJl J! 

5*yf J* /(x) ^yLJL*- £b" JT jl .(^-ij^i) ijjJii 

Ol^r 5Jbd Jp < J a S . l l kbjJl <£jLJ /?„ <?o.>jJis£j <IU* 

P fa, . . ., x n ) ajOj.lOljjST^i.JU^I (<?) jJ-t^j^ai 
Oj£> <JULj t<£i£ ^ _ 35. 12 OjZ^ Zjjal ^jji jli <jJuUI ^aJI Oli 
<iV/?„ => <? "J-^J <aU, ipy? J* ^/ (x) ijiip pi ^ j JT 
x,, . . ., z n J (Jujla* ^5 Ob jjJ^p- Ol jt£ <Jlzd Q Jp 

jV J* Jfr**-) ^ ^i* t-U»U- ILa, , ;> 

hjA* j\ *JLZj- ) ijo*- Ol <Jbd 4.J2.V-* il^ a ^ x < b jU* 

y a; J x 2 + i/ a = IS jJIjJI yb Q ^l^dl jt O^ll <>>i . a 
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:i;ijy-l Oli Ol^S" APjJ? £ (()) 

n 

( 1 ) P(V) = fc S (a* cos &(p + & h sin £<p) 

J* t^bf j£x ^Jl (36.5) JLifcll ^IjsJI v > f jiL-J 

2 cos &<p cos roq> = cos (A — m) <p + cos (A + m) q>, d^"*"*' 
2 cos ky sin mq> = sin (m — A;) <p + sin (to + A;) q>, 
2 sin fcq) sin m<p = cos (A; — m) q> — cos (k + m) <p 

,jj j>* t u^-^ cj*^ *lj£>-l «*^* <-<Sj£ ( 1 ) >*f o' 

• _ 

J cos cp j sin q> -> i 5**U- ii^j t g (Q) ^b 
AjJaiU ji-l Aw Jp J^aii >■ _ 25. 12 Oji- • 



(l) ILib. ijj^ ol^iT ^ SJbd Uidl il^l 

ajjjj bjjij I g (f) b t J i > - \ju\j ^jS^iJ-l piuJll ^ jbi . j 
q o jJIjJI J* ^b ^Ul la* J-^j b£c JLU ^Jaj 4 2n 

J-*, b£x t^-SJUj . fc. Jjfl ^ / (<p)= g (q, + 2fai) 
jj— 1-jJI 4 — ; | Q Oj_J_ljJI / (q>) £-jb7 J-^ 

.aJ±U Ol^ 5JbxJl J*) U&z* iAr 

\jA l^JI U ^k; U lit aJsLj JS\ i j 1 j^o^iU kjuuJI 4ju*a}\ jl . ^ 
:(36. 8) Jj\ IStiUaJl ^j'j 
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4 

cos kq> = y (e ih v + e- ihv ). 
sin ftq> = — («**♦ — e , 

Ol^ (1) ajjJ-l Ol^S" ^^u" ^ 

n 

(2) ?(?)= 2 c fc e^. 

fc=-n 

•^'j* a* W J^" (2) ijJ^-l ol jtS d\ 3ttl£JI S»^sJI jl" 

©Ijl Jll J • jj-l Ij A j £1 J Jl JJ .<_$-NI £_jl J* t-J jJ> 

:5JUI A>wlil Jl - 35. 12 iijkJI lojiJ . (ScLajCj* Q 

11* j fe jl ) Q o jJIjJI Jp AjJlap JS" ol . 

(~°°<:t <ooj_p«il Jp 2n Ajjji j ^u>< <, s^^DI ^^iJ 

JS^dJI SjJlap ijjii* ijjis- Ol LJbd a»W:,;U ajI^JI <£jL~> 

•(2) 

jw jdt Oji- i^IaJ jl . UJi J* £>U\ZLo . 55. 12 

jkw Jbf Q ^1 ydl jl ^^aJ UJli 3JloI£1I Jj \fi J*jC-J L;l U 
I— Jl, n] JUil) 1 JaSi\ Ju*> Ob SyljJI jl ^iJL*JI piUH <y> 

. (<ui> jw Jjlk; lIv^ 

iiaiJI ojS^j 2p *J^> i£jJI ^>iAil JUwJJ t/ e (y) -jj^J 
^\P ^1 jJ SJhi* 4 oik** Q 9 y «Ua£J ^J>-l ^ t Jl>- <j| ^ jAj . y 
: jcJUl k ^Cw^UUb g+zS D n (x; y) (n = 1, 2, 3, . . .) SJU 

0< p J D n ; J/)dz >-l (1 

0<o J D "( x; y ^ dx *■ < 2 
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. Juu JailJI lift jJua! ^ jt> tiljL- 

t V^xSj J^i <y lib J£JL J SJbu Z) n (* ; y) . hjlai 

lim y)f(x)dx = f(y). 

n~*oo J 

< 6jbii < e J>-l 0" • M = sup | / (*) |. • Ol*jJI 

= M 01 f . \f(x)— f (y) K e (jt-J P(*. ^ 

| J y)/(*)d*-/(f)| = 

= | J D n (x ; i/) [/ (x) - f (y)l d* + / (y) [ J D n (x ; y) d* - 1] | < 
(1) Q 

< [ Z?n (x ; y) | / (x) - / (y) \ dx+ j D n (x; y) | '/ (x) - 
+ 2M \ D n (x; y)dx + M\ J D n (x; y)dx-\ . 

Q-U^v) « 

J^ll jljiil 61 jS^i J IJbii (2 j (l jwULl ^. gSJ 
5pj^j>1 i—JL t D n (x; y) gU\ li[ j^l Ja*-!& . >■ 
/»(*) = j y)f(y)dy 

( O I /„ (*')-/» (*") I = I J IA. (*' ; y) - A» (*", y)] / (y) dy |< 

Q 

<M f 1 1>„ ; y)-D n (x" ; y) |dy, 
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h^>-\ji\ y o < 8^^* i < ecK' j* ' b>x*j 

:A^>-\^i\ \x' — x' |<8 

|0„(*'; y)-D n (x; y)\<-^M 

:(2) L.J jli ;Q 9 yJT J^l 

y ilaSj J^l ^ (2 j (1 jli^liM CJLL< ISI aJI *Ju 
£ 9 y Akli Jl^ / (a) gU\ d\£ \*\j.Q^E*Jy>- **jJr 

£92/ iki) JS* J*-l iJIS ^ 4>«^uJI jli 

Q=>E**j£ J* pUa^L jt£i£ 1^1 ( 2 j ( 1 jcS!>UJI ^ Jyj 
tiL^kJL i(2 ^ ^1 o>Jlj (1 <y ci>JI ju cij>JI 

lil Q J IL-Jb £ J* ^UiJb j-o^w <0I /(a;) ^b J_yjJ 
^ j* (yiU^-J i^.o <6 ^bil t 0<ej^ J*- 1 C/° 'b^ku-l 

:(3) OIj^JlaJI 5JUI AjjkJI SJbU ojjb J £UJ 

Jp r UiJb Q< pjf J^l (2 j (1 oW^JI CJil* lil .aoJii 
jli Q J JL-db ^ J* ^IkJb I j^i-^ ^Ul jlTj E Uy? 

Ux* / (*) jsi ^ J* (UiJb ijliu (2) / n (a;) ^IjJI 

: Q J 3L~Jb £ APjJ? J* / (x) ^tJ jjidll 
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jl j*iJ J»U; ja, q zdE j* t / (x) , g\2 dyn . *ib y 

j.UiJbj^-. /(x) ^Ul -71. 5) ud^ <y £^ • jJI 

. \f{y)-f (z) | < s/2 ^ 3z «. £ 9 y i 1 y - 2 |< 6 

3*** 5 /2 > 6 U/)> | * - S/ |Nl^'.E9y Aklijr ^jAtSii^ 
UmJI j^^ic-J- 79.3^-^^4 |/(x) -/(y) |< e/2 A^IJIIIaJ 
i... t8 s >jx — yiJi — a— JaA J £ '4 — *j — ^yJi I — jJU J — 
OLT t Uxs* . 6 = min (8,, . . ., 8„) • 6„> | x _ y n \ 
■£~>- y* a — IoaJ iUI I — x — y i<8vi- — -si E By iQ$x 

l^-y|<|y ft -a:|+|x-y|<8 ft + 6<-|- + -| L = 8o 

/)„ (a: ; y) vUlT : »_» hja^i jj** ^ Aw ,<* U . ^ 

- 




0n(z; y n )f{x)dx=f(y). 

d\ ijsju <,0< I <6 JU? ti t J j»«SdJ Q u^'J^ 1 y j 1 J j>^d 
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lim I D(t, x, y)dx=\ ( t 
1*-vKp 

lim f D(t, x, y)dx = ( 2 
I*-i/|^p ^ 

•0<P cP J*!-' Cf* 

Jl Jj>. ,y(<) IjlJ^ t t J^-l ^ 4 LUj bl Ju'xp 

:ul». *-»- Ujl^ y 

limf D(t,x,y(t))f(x)dx = f(y) 

:gUI jb J _jaJ» U^X .(^ Xlw-iUI SUI_>c) 
F(t,y)=^D(t,x,y)f(x)dx (0<*<&, y€C) 

Q 

: J* ^b * = X* c-> j*U 
f (0, y) = / fo) 

J £> (*, a, j/) ji) Z>„ (*; y) 01 JSU1I J» j^JI JL^I >>kuJ . ±> 

(4) f y)|£fe<c 
o 

( ]\D{t,x,y)\dxkc) J ') 
liJiJI CkiLJ o^j (4) J^iJI ji . „ jUj ^ c ^ 



. 14 J*4aJI J olju. U dUi 



» -UjLj^' J Jlj_o . v <J^_* .(Diric) JIj^jlJ 

j_pji j* 6 (X ) , tj 3 it 1930 -l. « iruisui 

oo 

(5) j 6(x)d x =i 
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(6) j «<*-E)/<B<*6-/(*) 

— 00 

<• l^ X( j>-\ J* "U>Jol Oli C— J f(gj jwUI (pi ol* ljij|^=x 
^ (•(«) J' J-*^ (5) J-JaJj /(*) C^UL /(I) 

>_Jjlj £ .J j ( 1935 ) S. Sobolev jj . <tr 

UjL" ^-J lib ^Ul ul ^IjHj t(l947) L.Sdixbsul 

^* (**ij>* ^yO— J ) UwU Jj tab** 

^UJ jiUJI ^LJI ^jj-l J* Ijj^, Sit. ff UI Ji* .([13] 

.o^a*J ^l-^ 1 tfj2-ll jjl* '^-3^ 
. iUjlio y eUJI J Ub J££J| Oli OUl^JU f Ijtiilwl . 65. 12 

jCT Jl / n (y) £b ^k*4 /(y) gU Ajjli* Jay .\ 

■ 

f D n (x; y)f(x)dx£B(Q) 




: n = U, • • • J>l t£s^ . [0, 1] J* ii^dl ijaJ-l 



£>n (*; J/) =C n [1 -(*-»)T 
1 



(!) Cn= — 

| (1 — t*)ndt 



•1 
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(0, 1)9 if Jf» a* JSLi J 5Jb> £> n ( X ; y) o» 

(2) My) = C„ j[l-(*-y)»J"/(*)*f 

o . 

J* Jvaai bli (^Oj <2n y J ->jJ^ ^ 

: (o, i) 9 p js" j>-i ^ b'jj . aa?y . > 

J (1 -!«)»* 

lim-p = 

J (1 


J (l-«') w *<(l-p«) n (l-p)<(l-p«)» 



p 

l 



:(! - 73.4 j (4)85.5) i^UU Sj^UJI 

lim (» + l)(l — p«)» = o" 

n-wo 

OLT |^ iJui* 4_JUJI Sljl II j! :dJJU Asrv^T bjJ 

p 

I (l-f«)»* : J (0, 1)9 p 

lim o = i 

n-+oo 1 

J (!-«•)»* 

(i ji 55. 12)Lb J£i J iJb> oUt jM» -xTb . j 

J • y)*r = C B f [l-(*-^)T<fa = 

J (1 - * 2 ) n dt < 2C„ f (1 - *T d< = 



IM^p 



5 (1 -!*)»* 

Jp 

J (1 -«*)«<« 





->0 (ra-Kdo), 
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: < p < Po < y 6 Ipo. 1 — Pol J»-l w y> t j? 
J D n (x; y)dx = C n j [1 -(z-y)Td* = 



P 



= C„ j (l-* 2 ) n d* = -2 »-l 

-P |(l-t 2 )ndt 



4 — Pj_»>Jll J* ^LkJU 4_H£st ( 1 S-^UU jl C*-~; I— • IjL-ftj 

. p < y < 1 — p 

_ 55. 12 } ^ _ 55. 12 S^kJl J-**. t (2) jjjj-l Ol^iS" JSLiJ 

J*" J* f 11 ^^ (0, 1)3!) J^" ^jl^ 
• (0, 1) <J* fiy) ^ y t < Po «. [p , 1 - p ] 

JUII J ^-1 i^laj o yiL« JJJi 01 iJUaJI Ij^ ^l£J 

JS" Jp oUjJI piM* ±fs JUII loA jji ikJj, . [p0) i _ pj 

• [a, 6] JUt 

ijjJ-l OI^T Jl Uayu JJLf *LtJ» jlfl LuSo: .1.75.12. 
3-ilill ijJbU Ol ^ Cr* v^ 1 B (0) J <?={* 2 + i/ 2 =l} 

A, (<P ; *> = C n COS 2 " ±£L , ' ^ ' 4 ^ 1 

(1) C„=^— 1 (»=1,2, ...) 

I COS*" t dt 

01 U • J*-l ^ Ub JS^t J <Jb> (q>; i|>) ot CjvJj 

2 « . :/obW 

(2) /. jcos 2 »^/<<p)d<P C 
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. /(cp) J Ojlill 5-jJdl AJ±dl ijJut 
: (0, n/2)}p JT >l ^ tjjj .a^y .*-» 



n/2 
£ cos 2 " < <it 

" = 

n-»-oo i 

J COS 2 " tdt 



n/2 



j cos 2 " t dt< (-J- - p ) cos 2 " p < -5- cos 2 " p 



cos * > 1 — 2</ji: jli jCjdl JUII Jp J*^l <y v-^ o't Uj 

b u 

■ 

: 65. 5 SU-ljjr t t». 

it/2 
\' cos 2 " < 

* _ < 2(2n + l) n cog2 

IT Z 



; 2(2n + l)' :J 



n/2 

j cos 2 " t dt 
o 



J cos 2 " t dt 



lim 




=J* OM J^i 

11 Jt/2 1 
n ~° | COS 2 "** 

•(o, Ji/2)3 P £ cM «y. 

= 0< Po, (0, Po)3p J*' <>* M iV J-^ • * 



J Z>„ (<p ; <Z<p = C n J cos 2 " 



1 <p— ii> |?p 



71/2 
j COS 2 " « d« 

= 2C„ j cos 2n <* = -^| s-0 (rc->oo) 



I cos in tdt 
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& LoJ^ .(1.55. 12) lib J£i J 3Jlsd (2 U IJlaj 

0<Po i (0, p ) 9 p j£- j^i 



j 2>„(<p; i|>)d<p = C n J 



C0S 2« *zA d(p = 

l<P-*l«P |<P-4|5SP 

P/2 



p/2 | coa^ntdt 

= 2C n j C0s an <di=-^ *1 (n-»-oo), 

-P/2 j cos 2 "t<2/ 

t(2) AjJLhll JjjJ-l Ol^iT J£SJ°.(l wUU CJb U Uaj 

Jp fUiJL /((p) ^Ul ijjUi. 5Jbu ^ _ 55. 12 SjjkJI 

^Ul IJla \+A* iili. ipjj? JS" J* t( j _ 55. 12) *a~*j 

j + j\ $jJL\) JjjJ-l ^ jiAAJ yfs .il2^%> .J 

'ls 1 ** 4 e ^ ji-^. /(*) £^ vi/J >»v! t^jJI t^U-l LIT 
jjOJ-I c^!^ 01 ^ ^jjl J* .(2)65.12 j'\ (2) j^jjl 

^Jt& Cr^ ] u >-* J^" ^ W <.<kr~i (2) 65.12 j\ (2) 

Ol^iS" j^V J^-JJ ti] Jp JA^jj 3 Hue* Jsj-ji ^ 

/(x) gU ^P (^1 Jp) Obi "il ijJ^ ^ 1 n A^jjJI Ob 



co (6)= max | /(*)-/ (y) I 

l*-y|=S6 



u">^ - 71.5) la, b] JUJU Jp f(x) gfcjl v JuJd 

£ UI -H--^ 1 <^ ( ^SjSIJJI J*) «rWU ijoJ-l ol^iT 
.([9] Jackson j~£\>- . i aj^) 12m 

*Lai J l^J jti^U j^JI ^IjJI aiol^j Jlfci,l 6. 12 § 

. JlSJU . 16. 12 

U£ *Ui J.lwia ^ * 6 JU Jp lij** UwU a: (0 ^ . I 
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c 

JUli^l J-AJ Al\ X (t) J* 6^ .i£&* j' Ji?**- X ^J*^ 

(1) x , (<o) = lim x tO-«Po) 

<-**o 

. t = t i\ni:W JlLp x (j) (JX-L« L j«-~' 

fa, b] JL>JLt JS - J* JUii^J JjU <Gl x (f) ^Ul J^aJ . ^ 

JiSAI Oj^ iJUIl I la ^ SlaSj Ju* *(0 J^i lil 

• XJ V i k 6] Jt*l' «Jj*» gti aU-l ol* J »' ft) 

* (0 - x (t ) = (*„) (t - « ) + e («, « ) (* - «o) 
. « t Ux* X *UiJI J >*aJl Jl J j ji e (t, t ) £~>- 

Jb? J* JjliJL^J JjlS £ (<) JS" of .*la£JI el« Ju* ojl ^,^1 

.Jl*«JU ! Jla • la, b] 

VJjJI j^I^SJI (iiJuJI aJU-I J (jldl y> (jT) C-JU 

. j' (t) =0 <jl» X *LvaiJI y btt I j^*^ x (0 = x q\£ (j| . j 
X J U^H» Jli^^J q^li y to J a; (<) jlS" lil . ^ 

:L,jJj x(t) + y(t) ^ ^ dlliT y^l ol» 
[* (*) + y (*)]' = x - ( t ) + y > ^ 

Y to olS'j X J ^uJj JUii^U !^IS LuLr * (0 jlS" lil . ^ 
JUtipU Jili y (*) « (*) »Ufl oli JUii^J %IS loo* bub 

: L« Jjj t x J <^ 

(2) fv to * tol' = Y' to * (0 + 7 to *' to 
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lax (f)]' = ax' (f) : { y> y *±\ ^ 

Jjttii^U !A/15 f J bub (a < t < 6) x (0 jlT lil . i 
JUJLI J <wJ JU^U }blS Lij* bub t = t ( T ) JIT j X *UuJI J 
: LjjJj t jUii^U JjI* t. J ^b y (t) = x (t (t)) jli [a, b] 

y' (x) = x' (t) ' (x) 

4ij t Ja^-^U ykS Jj\j! dt= At dx = x ' (c) dt & 

g\3 ii^U; jli IJ^joj . t = c -u* x (t) {S c-\*JA\ ^Ul iJL>U; 

aJL^JLLJ oj :iJlS "-^"-r* £^ ^-^^ <U*UU AjjJaJt lj aJ 

^JcJl bub jl^ t olT *! y* J&iJI (j-iJ x (t) ^Ul 

d,x sUlT, S (t) = x ft (t)J JIT lii 4JI vilJi . * (x)) gtai' 

d T x = (t) dt = x' (c) f' (t) dx = x'(c) dt = dx, 

■ 

^uUI jLwj 4iiwi ^b : j J <L~SUJI <L*a£)l'((3 ) ^ |pi Jui- . t-3 
bjJ Oj^i (jJI AjLsi-1 J el* j^w t fivhJCjl JuA» . Cub ^b jA ^ JLiull 

0%iJjJI j^jLydl J>-Ju dili J»-l ^ . £ki& jUiitjU !>blS x (*) ^bJI 
JLtf jJail. j*I»*9 4JI X *UuJI J -uJ x(t) ^b J_^i; : j^JUl 
a = t < ti < • • . < t n = b <-jjZ OJLjf j iil a ^ t ^ 6 jIm 
£-jUJI IJl-» JJj (t ft , t ft+1 ) Jb? J I j*^-. x (f) oj£; ^4 
(fc = 0, 1, . . • : d~->- ) x t (f A+1 -0) J x (t ft + 0) 
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{a, 6] &\y^C& bl [ aj feJ jJl&J Ail gBj* 
iJ»ULM 4£U a.XP *Uii-L fa, 6] J ol^ ar* (*) js£l 5USj 

.^laio Ij^i-* Jiiil IJla j^-j 

i x (0 ol — % bj . ( j ^vooJI ) . 5_jij_iaj . j 

x(t) =sx <.<± oiyry *ia*j JS" J UjuO x' (t) 

Jl>JLI Ji-b JIT fcjl a;' (f) = Ol iljJI J <>>J . OU^JI 
a;' (c) = j! Lf .0 < « '-^J («. b) 3c ikU clii . [a, b] 

( 3 ) I x (t) - i(c)|<e|J-c| 

t = iirf T e (c) o 5 ^ • ( 3 ) A>^.l>ll Jl£ M jjJI [c, 6J 9 t 

(3) ol» x (t) <j\ U . b<t o\ ^ yuj 

:4^>-lj4l <ui *o SJaULI jl_>>- y m t a;' (< ) =0 

(4) |*(<)-*(*o)|<-y|*--«o| 

:0I (4) j (3) qZj .(4) i^ljU! <UI ja ama>cJ h > * jbii 

I » (f)— * (c) |< I x (t) -X (t ) \+\x (t )-x(c) j< 

<:-|-(<-^o) + e(«o-c)=e(-^. + < - c ) <e(«-c) 



: L.oJj < = 6 JbJbj . < = inf T t (c) 51 jLil 
I * W — * (c) |< e (« - C ) 
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• Ic, b]}t £ o* 
x (t) - x (c) = 

Ul lr . (c fe) JUil Jp CoL* a: (0 ^Ul ol lo£*j 
^Ul jli a ikUl ^ Juy ^ III jJuJb 2L,ji c 5kUI ^Jai-J 

. fa, 6] JUJI J* CyL* * (0 

y J.XP fa, 6J JU>U Jp Os-^j :kl*JI aJU-I o^I 

^Ul l^J JJL M«a = c < c 4 < . . . < c n = 61^1 o jj** t i>l£jl 

. ( (/ = o, . . ., re _ i) ) ( tfy , Cj+1 ) M 

JU J-S" Jp £~-,L5 x (t) £->Lsi\ u> J-A I' J^Ja~^l c-Sj 

Jp x (0 ff B ol If . (/ = 0, . . ., n - 1) ( Cj -, c,+ i) 

J fo> ty+i) • jj 1 ^! O^UJll Jp <wJ ol* fa, 6] Jl»*il 
JS" Jp CuU x (t) ol jl ^i-jLi* (cy.j, c,) 

.i^kJI ol*^ ^1 . la, b] Jl^LI 

. iW£il . 26. 12 

*Ui J <uJ [ a , ft] JU. jV Jp Ja** ImU a; (0 jSU . 1 

jwu" -by .(^Jl2p jl jy**-) X (fb" ^s*^ 
n = {a = t < ; £„ < *i < 6i < «, ^ . . . < < f n = 6} 

I — frla^j t |o, • • -. ln-i 3-JUdl J»LaJI JlJ^ [a, b] JU»«JU 

:0^jJ J^lScJI J-£iJ i d(n) = max Afy 

n-l 

$n (*) = S x (5") A *ft 

ft=0 

lil <Gl Jk5"jj . X *Ui«JI 6** ^J*^' <->L» JU-I Sjy^laj 
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J *(<)df 
• - ° 

pjkl Jl La ^ . ( 61. 9 _ 41. 9 ) ^iap gfc ^^ai ijl jjl jjl 

co x (6)= sup || *(«') — * (Oil 
I |^« 

1', t»S [a, b] 

- ^- 41. 9 J JbU y> ^ . 5 OUx* ^iwaJl Jl J jji co x (6) jl* 
^Sl U-lScJI £-1*11 J^l ^ jUSIS <£JUI j^l Jl» ■> 

iiUib ^ js-l 55 jd ^> li^^UaJl II 5ij^ Jp LUfls- lit : i (t) 

*wC*"^' a JuL ^wJLi JeUj ^^sju 

(2) || (*) — «n- (as) || < o x (6) (6 — a) 

£• <$~*i? i&'£ n' j n cjL'T iii t 6^cf(n> J*-' & 

• oli i d (n') ^5 j l d (li) < 6 

( 3 ) ||ta(*) — *n'(*)||<2©«(6)(6-a) 

J*-' o^) Jr^" ls 2 ^ ( 3 ) J ( 2 ) a^r 1 ^ 1 ^LJ 1 
Jl JU&V! Ul . Ub X *UaJI j Hm co* (6) = wUtl (,«.->..,.. 

6-+0 " 

.61.9 J ijj \ f S" jivj ^ka^ j ^l>~« ^b 

x(t) ^b" JT ol J* oUjJI t >- _ 51.9 J JULI ^ ,^fs .a* 
:b\ <±~4; (jriaJb) sjjjt ^b [ a , 6] J* 5JL.1SUL3 JjIS 
II * (0 || < c 



104 



www.alkottob.com 



" b " " j, " 

a J.eus(*)# = a J*(«)# O 

a a 

i t I 

b c c 

{(a<b<e) £~s») \x(t)dt+^x{t)dt=^x(t)dt (3 

aba 
b 

|| ( x (t) dt || < max || x (0 1| (6— a) ( 4 

b b 

|| J J. II* WO*- (5 

a a 

.U.I&JI 

51. 9) io.uJI gljiJI ^Py** JU-I y> . ik-ijlXl io-ill . 5 

! f .jUill ^ (J. _ 



Ju-JUl 61 . l«i b] JWil J* (J»-jJl ji) *k*^ll 

. I a: (t) JlS" 61 * (* ) 5*J jLJ ^ j [a, 6] 

(C* <4* 6j& O' 6^j) *^ J |5* t^i £^ u^J*^ 

"ST J *«"* = e"| o =0 
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m m 

(4) il=2a»i» a*>0, S «k = l, ro = l,2, ...) 

jlT bl Ail cUUi :(v - 43.12) \±£ ipj^JJ ol 

a>0, P>0, a + p =4, * A 6 ^, ir r €£, 



r= 1 



ax 




h=i r=l h=l r==1 

:j PPr>0 « car aa fc >0 jSl Jl y> 



2ja.a ft + 2p-Pr = aSa fe + p2pr = a + p = l 

= 2cH J* sliii .(4) J£UI oli S*A^I JT 4 £Slk~ 
ll» ol ,»3 jUjJI J*»l^ .i-JLsi Spj^JI -ujU i_ijj*iJt 

« - . 

i*Ui to j^i ^ c-jjj uujt w _ i jr j^i ^ 

: L.JJ . £ J x u • • ., x m 

z = a i x l + . . . +a m x m 
ai+...+a m _ t («»+•"+ a m-i) + «mx m 

= («!+••• + «m-i) Zi + a m X m . 



Ak£jl Ul igjjjdl p AP^I J| Zl £UdJI 

J z i J** ^ ** Jr ... \ \ A*]ai}\ ^4 ikJj l^iL^ P J a,,,,:;., ^ z 

ap_^ >^l ^ UUliJl jjl i*^>ai ol oil JjiJI 

JU.I <^Joj bjj u i,^ i^jh e CJIS" of . e 

• V (E) - E 
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Jb? Jix) 4aJUl4 ajJl^ olpy? £bb oUUoi J . ^ 
^bJ . (ol*_j*»JU o 1a IpjJt ^jjaJI pSiJll <y ^jP** 
t^j^l til** Jj^LiJ j£x ttJ i-bb »Ui X d~>- ;X^£A*y? 
JUXI yjLPJI uaUJLI ^1 IJub i aJw,">1« ^ V (E) 

J**"** jl U^»P ib-^b i^Jiii F(£) ap>»^JII ol . E APj^>JJ 

x = lim x„, y - Urn y n , x n £V, y n £V 
7* + py = lim_(aa: n + Py„) € V 

APj*j>JII AiLvj hjjt j*-fi\ ^ "TIE) ^J*^' oi 

. e ;Ua*u 

J <uJ ^kiJ x.(t) g& (a) Ja->dl jl .jfi 

Jp a: (0 ^ AS-y^i JJUII *i' j^i.X £bb *Ui* 

. [a, b] JUU' 



_L_ f x (t) dt = -5-5— lim y, x (Efc) 
JUjU u!bJ! OUil Jl &W ^>>JI <J J^&JI o'M 

•(t4tS A* fc -lc»Sl) c t» pi 0- 

^ jjjii jam ji ^ J t^jUi . [o, 2n\ 

>8Jl JlvoJ Oli SjJIjJI ijJUI oJufc *^* : [0, 2n] J* j e « £^1 

IuJ>ll 4*-^l o^l&dl ib>; »lfiJj £s . ^JU o^l^Jl . J? 
2LojuJI ^IjsJI iJU jl> J* ^bb .UuJ Urll jjSJI Cli gljdl <y 
J bub ((I) jSJ ^Sf U jwiJ .(11 J^*3I) 
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(5) ]x{t)dt 

a 

(6) j*(0& 

( 7 ) J||*WI|* 

:ji JLidl Jp t bjJ iUlk« yjliia aJI (5) J,l£dl ^ 

(8) | J*<<)*||.< f ||*WII* 

gft t (7) y&cb tyrj yiy J 4 (5) J-l&JI ol 
J*r> a* i yf&u f >. ( 5 ) J*l&JI ^ : 

||Jx^||<e 
p .Ar<?Ji\r<pO^ W* **** 

.JUJtf ^Jbl Ja*Jlj jfcJI J»*J -Ja-jII o^lS^JI ^ 

.^•tfl gUlj J*l£JI .36. 12, 
•Li* J <u-i [ a , 6] Jls* J* ^aii; I l<yU * (/) (^LJ . I 

a 

4+Jt}\ ^ jl—J t x (/) < = * jl iklj X* liJL* 

. X (« ) 
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to 

t t 

--^ J * (g dS+T^- j I* (6) - * W] <S = 

to t 
t 



: to ikUl X* a: (<) ^Ui jl J*mj L»jJ j? 
| j I* (5) - * (M) dfi | < ^ max ^ || * (g) - * (I,) || 

J^i *;j x £bb *u» J s*j c(() ^>Jji;,j 

4kSi JT X* G'(f) lil ) 4aj^ ^lUI x (f) 

F{t) j G (t) jbub" dU 015" IS} . a: (0 jlj*iJ 

16 0) - * 01' = G' (4 - (o (',) s0 

. Cwb G(t)-F (t) gUt jli t J _ 16. 12 h o\*\j£ » JUb, 
jl If . X*UiiJI Cotf jsoi* cCr^-"' t> Ol oil c5 j 

Jp ^-^4 >T j^i ^b- JT 6|» J^i ^t.cbij \f t (i) " c tJi 

5 =cH ^ J*» o- 

a 

[a, 6]9 t jyc+U JttiijU ^blS bub" G(t) j£J ttr iUJb .9. 

109 



www.alkottob.com 



: * JS" J»-i <y SljLil jux* LjjJ t^kij ajcJ^a 

(2) ■ G(«)=G(a)+ [6'(6)dE 

jli (2) <y ^\ o >JJ bi> Uyj lil Ul dUi 

Sko JS" Jup G' (t) y> AiJL* j (jUii^l 1 1 (^^.p. t II* 
lljU UjJJ oil tWlsM (J-jLJ ^Ul £U~> . ^^1 IJuL jlj^l-l 

G*(*) j G (t) uyyU' oSl V. G* (V) - G (*)_= c = 

jji-JI LsjJI dU^j Co = G*(a) = G(a) .a ( j*i~- 

•(2) 

gjl>M jji-j JUii^J SJbUJt 2uiJuJI ^IjsJI J^l ^ L»jJ . j 

: ( 44. 7 ) 

G(b)-G (a) = (6 - a) <? 
[a, 6] G' (f) glsU V /I ^ jj^ JJ^ <? d~*- 

d\ :t = h iks; xs- G' (t) ^UU <*JI <? jl ^1 t Uji^lj 
*Ui J -wJi JUi^U J,IS g (f) Jaj-I <y yii JLj 

juii »Jl» j '^^3 q *ia*ji ji Si 1 1 x ^ni* 

- 26. 12 ^ S^L, dUi g£J . la, b] J* G' (0 ^1 4*^*^ 

• ( 2 ) jji-aJI j>*j 
t I _ 15. 9 J JU-I t j^uJ _ ^"jj jj^i . j 

f mj #1 bp .a>ciu auisai ,_^o 

j «(<)<to(0 = »(0«>(0 a ~ J »(0'rf»(<) 

.^kio W^\^ olj t( X*UiJI J ^U* 
JiO-i <Ll£ll j_^o J* c 45.9 J JU-I j* \f t J^i 



P 

\ x(t(x))t' (x)dx= j ;r(*)d* 
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t p i a il^lj t (t) j x (<) ^jwyUI oUi! jtf^l ^ 

■ b i « 

e-^J jJI Oli oLJUtfLiJI t 4_JUJI cJfjJI oli oiillll .46. 12 

. jjLU jji«o tSJUJI 

> ittjiw X *UiJI J <wJ x(*) aJUJI oUifill cjl J 

(*' (<))' = *" (0, (** (*))' = «" (0. • • • - (s"" (<))' = * (B+1> W 

d 2 x (t) = d [dx (01 ■= [ i' (0 A] = *"(*) A* 

d' M1 jc (?) rf (/)] = d [x- ,n > (f) /ft"] = i« n +n (/) dr l+l 
^ aJUJI ^jjjl oli OLUUJI <jl» J/tfl JLUUd) USi- 

: jjLU ■ J* Jvoi UU a < * < b J^l y t(n+l> 

Ax (a) = x (6) — x (a) = 
dx (a) + y d * x («)+•••+ d " x (°> ' 
x' (a) (6 - a) + <^x" (a) + . . . + x<»> (a) j 



b ** « 
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\jJ>j I _ 25. 9 J oij\ji\ ilj^kJl {J JCj jjbti ol* jJl j?i 

^Ul S jU ^ JtiUaJ^lb . j _ 36. 12 4lj>cJb ULISUI J^L 

|| (?„ Il< max || *<»+!> («) || -1- j (6-<) n £« - 



. x J' V>^iXI pill Oli ^fl>JI J-»^j c»LJUl9 .56.12 

i Ujj*j t a; (t) UjSLi . x *U«i <j lf*;J> i la, 619 t 

: Ai!5UJI slift* lil n -> oo Ujcl* *n (*) JJtsJU itl^ 
lim ||* (<)-*» (011 = 

Irl *„ (0 5Jbdl . [a, 613 * J*-l jUij 

lim sup f|a:(*) — ar»(*)|| = 

n-*oo t 

• la, 619 / . J*" J*-! <y || « (0 - * n (t) || < e f j^-itf < » 
Uijl ^ S j*iJLI <y ^IkJL AjjUi* aJIsu 5^ o' 69. 5 L>lj 

77.9 j 27.9 qO^liJLJ 0UsU|JLI Ofc^fcJI bjJj 11* gfc 

Uiji JjIS a: (*) ol» i a: (/) £^ y£ la, b] J* f U&L 
lim ( x n (t) dt=[ x (t) dt 1 - J 

a a 

:1^\>- *L*j . [a, b]$ t J JL-JL *lkJLi 

b 6 • - • • r 

I™ J x n (t)dt= jx(t)dt 

» a 
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xs- ^tSsj Aj j[\ £j\ y x n (t) iJbu lit . . >■' 

fa, b] J* f Uai^ ijliu 3V» (0 'OUSii-* 
^Ij" [a, 6] J* filial; 5jjUi^ *„ (0 iJUill OU t^ 1 



jl j^L-l Jelii X* a:' (/) = lim x' n (t) = g (t) :j ^eilj <jy x (ft 

■ i(t) 

.11.9 j 27. 9 jU Sal*! JCj jkJI jjJla oU 

( 1 ) S, (0 + x 2 (t) + . . . + x n (t) + , . . 

CJIT lil [a, b] JU? Jp ibjlfcU X »UAJi J p Olj> ^ijJ 

JJjJ-l 5JU^» 
*i (*) = *i (t), . . s n (t) = Xi (t) + . . . + Xn (t), . . . 

f Vf s n (t) 5Jbdl ^ 4 [ a> b ]9 / JS" J^-t ^ hjViA 
[a, 6] J* fUfcib Ljlfllo V[ (1) <LIJI ^ JyL! .(1) aL±J\ 
>■ j <-> Crrija^ ^SD ja . ^ UiJL Jujliu «„ (t) SJl^dl CJlT lil 
iLIJ JUii^l JLLlij U*. b*- SJbUJ Ui£JI J>j>UI ^ 

(^JlS* *Ui J -uJ boU 4 ^£J . SL LUl JI .66. 12 



^ (Co) -lim *«»+*>-* «o) jwa^- X 



A-+0 



So Sla&JI XS- £ ^Aa*JI wt^"*^ x (0 J^-*. t^—i 

jlSii^J %li jl^ »il G O-UI J JJLst Ail a: (0 gUI ^ JjaJ 

So € G <k£j J5" Ji^ s -J v-^^ 
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Ul .ijli ( _ J £J (10 J-aaJI) 'iUU^I Sib*ll <j^iLJt 

: a < t < 6 ^bf ^.ji t 4 C = C (0 = 6 S»-U1 J 

C (^)«[a, b] JL>«JU iljst n = {a = t < *i < • . . < t n = fe) 
j L J— J» <y dUU iiitydt kULJI ^ ( J = u, 1, . . ., n ) 



d<n>,o J_ u 



4^ <>* .( 12. 10) ^iJLP aJU- J ijj l^X fti ^j>~&j »UuJ 
• 



:oituit AJu^kJb ^ jS" jjI-O iS'jZ' ir* U^UaJl 

JJL£ t Ju*U- aa^ §10.3 <>* iS J-^ UUiSJI jf 

: jjLU iLL jij G is-LJI J ^ <? = {K — So I < p} 
(1) *<£) = 2 «m(£-£o) m 

m=0 

.(j» = 0, 1, 2, ...) a m = ~x^{^) 

gkJl l|J »_iS^ jJl ikiJi ^t) z (S) gtlJ SiLi ika; I ^ ? 
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jji-o Jviij oilstl (JUiiMI wU& £udl ^ X (Q 

:(^ _ 93. 12) >bU - 

m-+oo 

: Op- 



s' (0= S ™*m(£-y m -\ 

m=l 



oo 

x< ft >(0 = 2 m(m-l)...(m-A + l)a m (S-& ) ) m - ft , 

m=ft 



. 



i j.o.:»ai oiyjil . 7. 12 § 

*Lsii A tf-JaJ <ji biij t 51. 12 J y> UUjfJ Liapl LS" . 17. 12 

J**" y> ( K JSJ-1 ^ J* ) Y *Ui j X ^l*^ 

: Jo j yjUl CJLajC 

A {aiXi + <x 2 x 2 ) = aiAx t + a 2 Ax 8 

i>* « 2 J «i u^"*^ 1 olS" |^ X *U^JI J x 2 j xi JS" J*-l y 
iyuU A jJJll t5 »« i iY = 0«J JL»-j Y *UiJI JIT lil . K JfcU 

. <LJai>- 

Y ^Ja-i *Uki J X (.5*^ ^ <LJaiU Ol yjil li* 

.oLi^ Y j X ol o"^l ^ju 
A (J** - J yu i I _ 11. 5 j , « ." « ■ >.. . •' ^UJI t-iijxdJ UJp . I 

!il ;X = x 6 Xji* 4jl y p*-.^' <J X *Ui* y 

(j-Jb-J 8 > iJL> jlgl 4 e > j-^ ^ Luk^l 

ui-ij^J jUrILS' JLa I Ax— Ax„ |<e S^l jill I x — x |< 6 
cjlT lil x = x xs. \ A yjil Oj£; : (JjLJ 1 t-«0»cdl ft^lSL. 
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.(X j yjliJI) x n -+z ( Yj ujlidl) Ax n -+Ax 



! Ax | s 



||A||= sup |Ax| 



^Ubj |A,^|<||A|| 
(1) | Ax |< || A |||*| 



xo *ia2j JS" Xs- 



yj bjorf A Joi- Jy JIT bl . > 



: L.jJ . || A || -uJij bjjtfS ljJ> A <j£J . jUjJI 
Ax — Aa: I = \ A (x - x ) I < || A || I x - x |< e 
| x - xo |< e/|| A || J J**- e > J*r» ^ 



jli a; = x ikD xp t Jp t I • A ^Ja*- jy jlS" lit . a 

. ijjis: A 



I* - 



a; — xo |< 8 L.Ji^| Aa: — Az I < lJbi d-at 8 . jU ^Jl 

: L-jJ . * = + 6z j I * |< 1 

| x — xo | = 6 I z |< 8, 
| Ax - Axq | = | A (x - xo) | = 8 | Az |< 1 
|Az|<i-, 

JT jop j^u^ J'y X .UwJI 
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u* A jy J15.I ja Uui Uli SJUl vli^l ol^kJl jl 

: Y ^Ub *Ui J x ^bb *Lvii 

VI oo" 

23 Az n = As:jli X *UiiJI J S*» = «- C-jlSJ lil . 

J 4*J t a < « < b, Jbf Jp ^Ufc, I bub" * (/) jir lit . jfi 



A {J*(<)*} = J[Az(<)]& 

o a 

*UkiJI J «uJ 4 t = t a xs- JULi^U %IS bub" x (*) o^" lil . ±> 

: LjjJ jli i X 

A W (to)) = (Ax)' (t ). 
Jbcj .iJuJeW ^jJu Ot*JI Ob jfcjl OU^ £j 

SJaiM oLUjJI (j^u J-iuj Jb" ^JbJ t -ubuLilj cJUIS^Cj iJUL. 
A jJJll ol» IJJj AibpJI Jl JbuJNI ^ I AT JLksU oLJLwJI 

J X ^Ui .Lai ^ A, Ai, A 2 ol y *> aJ%* CJIT 131 . £ 

,y>-Ma5i dUJ^ ^*ilLi toijJjtf Y ^jo-k: ^U-i 
bjJ jSl S? SJL^ a Jjj-I o- tjubj ( j _ 51. 12) «A j At + A 2 

I (Ai + A 2 ) x | = | At* + A,* | < | Ai* | + | A,* |< 
< II At ||+ || A, ||, 
| aAx | = | a | | Ac |< | a | || A ||. 

:j1 JUuUI oli^UII Ow dJJi J* Sibj 
IIAi + A.11- sup |(A 1 + A 2 )x|<||A 1 || + ||A 2 ||, 
||aA||= sup |aAa;| = |a| sup | As| = |a| || A|| 
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iJa-U Cj\J£\ ^ ^iiJJL) L (X, Y) »UuJI 01 Oil Jj*H & 

_ 17. 12 ^laJb oJujj; .U* ^j*^ Y J X ,>• oijJu>JLI 

||A||= sup \Ax\. 

Aj Y ^^JiJ »Ui J X ^j^iiJ »Ui y bjJ^ I jJ> B j£J . J 
jjjll Oj£< . Z ^^JiJ *Ui J Y y> bjOst Lki- ljJ> 

ijj^ P jjjll ol CJLJ .(^ - 51. 12) ZjX^ lij~P = / 



xex jr j^i m .>vi 



I AB* |< || A || | B* | < || A || || B H |* | 

(2) II AB U< || A || || B || 

X j ljJ> A jlS" li[ tis^U- 5ivflj .J 



..t 



(3) 



A 2 || = || AA IK II A || 2 



( ||A 3 || = ||A 2 A||<||A 2 || ||A||<||A||», 



:6i 1/ 



^ || A" || < || A n_1 A || < || A" -1 1| || A || = || A II". 

•UiJi J J»yu> ^ J*± Jr J* abuMi >l J . J 

dUij t. i £ la, b] J LLJb- buU Z> (£, X) 0^ 

:2L*£JI jl t_y> .A *pjJf (^1 ^ Ja^-jJI i*JI vUlS* 

b 

D= sup J |0(<, k)\dt 

b 

( 4 ) jr(A) = A[*] = jz)(<, K)x(t)dt 

ip^fJll Jp «J j«, y (X) gfc til x (0 gfc JS" A jljll Jj4 
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:oSl y(X) gUI jl .A 



(5) b ° 

< max \x(t)\- \\D(t, K)\dt<D\\x\\. 



J R'la, b] *Uiill (4) jj^jJI jl» j 

«-1*oaJ1 ijj; . y (A,) SjjJi^il MJLJbU ^ijJI ^ i? (A) *UaJ1 

||y||= sup|y(*)[ : t^*r laJ, <^ 

ijJisi Ail (5) i^ljU! ,>«'gSJ iJU-l A*Jaj ^kp- A jJjll d[ 

. \\A\\ — D d\ C^sS . Da~SS\ jjUw ^ A^Ji; otj 
u n (t) 4 ^ (t) X) = Un [D (<) k)] jest 

t > 4-1/n J*!" 1 a- + 1 J t ^ — 1/n -1 ^j^i j-^w 

*» (*, °i ■( 10 12 r^ 1 ) l_1/w ' 1/wJ sj J^j 

ji* D(t,X)x n (t,k) tit i * J 4-— JL >-^l 

I # *) |> 1/n i>* l# X) | tfA- ^J 1 - J* ^ 

6li C^lf X 6 A J»-l ^ ^>^l J»l*J! J | £>(',» I jjbjc, ^> 
: dAJi J* Job; . R' (a, b) •UkiJI j^s- Xn ( i? x,) £ 

A{*„(*,X))> j |Z)(«,X)|&> f |fl( /t L(6_ a) 
|D(«,MI?l/« i » 

6 

|| A || = sup || Ax (t) || > sup | A [*„ (t, X)) | = sup f \D(t, K)\dt 

II*H<1 n, X a 

:Jp J-aj: (5) *>^.\jiX\ SUIjX 

b 

|| A || = sup f \D{t, X)\dt 

a 



■tdi 
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: jjl-jJI J> jxj JjXs- t 6 [a, b] J | j>z~a \ju\3 D (t) . J 

( 6 ) F[i]= \ D{t)x(t)dt 

° 

Jjtt a**U- SJU- U jUp! ^Sj: i? 4 (a, b) *UuJ1 J AJai- oub" 
:<£jU. (6) OuUl pk; :J* J*a£ S *>«~JI J^ 2 -! 

b 

||F||= j|Z>(0|# 

a 

.^IdJLI J>»- iijiii .27.12 

J»UL« '^yf- ^ . f (Q) -> U yj> Q SJjfl apj^II 
Sj^MaJU/? c: y 5Jj»- Jl y = f (x) lfl»-l <y ^j*^ jl'ifX 

'" 

ol» 1^*1— y=f{x) ' 3 Cps* C/sle* Y j X jlf 1SI 

.(I - 4l. 5) X J A^jii- 
C-JGcr Xia-^L* 5*^1 /ft?) S J>v dl Jli'^Ui y> ^ J\ J* 

J_oo< X <cx3pSi~ii Xj^* lit Y J 4>- yk> A*jJ* ojj ^taJIj 

**J* 5j>^ ol» b;U y = / (x) gbll olSV-oo< y <oopLil Y 
Oil j^j Y o-Xa-lj <la£J ^ SjLp (Uj^pGcz X**y? JS") is-^iL* 
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J ^ jLil ^--..JLI gtdl U jC**il Y Jp X »U«JI jJai / (*) gbJl 
<y JjK -IJsH ^ (a: + l) 3 Jji>iJ>l^ (* - 1)3 
jy*x\ J* 4l*S"L X j^pJll jJa, ^JJl gbJl II* jl i I * |< 1 Jr 1 
. y = OaJ^lj ik2J Jl {|*|<1} Ap-jIaJiI A*j*j>»il J^Y 

»UaaJI J X *UiiJl LLUj jJsj y = f (x) j^iJLI ^Ul jl ^ y»j 
iXUJI *(/) gljdl <y JUjU *UJI z) i(ai 6)ss x jbi Y 
4_al — c ijjjJLI (52. 12) [a, 6] JL»JU Jp jI^^.U JL2ii!>U 
<y SuoJjJH i # s ( a , b) 3Jjf I 4*j*pJI Y jbai j 1 4 Jijl 

fl« (a, 5) jjjj) [ ffl , fc] J* jlj*i~b JliLi^U aLUJI JfT 
« ^IjsJI JS" ^ i_aJj>» .R 8 (a, 6) ol £• tSjjuJaJI <uiLj: 
jCju .Ijit V>f' **>*i>ll «I* jUpI Up- ^(([h, J] Jp 
^UL . x = x (t) 6 Z>i (c, 6) J-A- ^ JJI y = f(x) gUl 

oSl v J 12 ^ ^ftJI II* o[ . y = y (<) = a: (*) 6 # 8 (a, b) 

JU-I 5 «-Jaj f j_ Lj Z> 4 (a, 6) J (*) x (t) ujL iJI 

t>* • i? 8 (a, 6) J y " W = z n (t) -+y(t)== x ( t ) • v jLidl 

vl*-J D t (a, 6) J Xp- jiiil oJl>- jjl SjS" o ^ iXJ 5> jii* 

. *il l^Uii* gly I y (*) _ yo (*) | < e 

5JUI Aj^kJI J*?t t^jJI u^-JI 0^1 

J j4 JuJJ»p . Y ^j^-iij *Uai X UU L»JaJ «Uai LLUJ jJaj 
./(CJcYo-yi. ipy? J I G czXh^jjn as-j* JfT A yjU 

jl ivIxJI J ,y>jy . {x: | x \ <r} o j^U V r y^J oU j\JI 
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: J L.jJ . Y *UaAJI j*«/i|j4 Y j A (V,) If- j»>A\ 



Y = A(X) = A(UV„)=UAW 

n=l 



Ojfji 4 (» - 57.3) ^ AjjJsj Jp b^l . Y=[)A(F„) -^J 
lj ? • {y : If— ifoK e > A(V W ) ra = iV JO* 

S j—illl I tti ^ jat tf — (i A(F JV ) j — »^Jt ot 

1>MZ A(V N ) <fij+*d\ ol* <iJJi J* SiUj . if + J/o|<e} 

oSlj tSjJlsi Jl ^JK S*y? J^at Jo*- jJ> oSl) 

Sj^JI oil (o - ~ 26.12 3jJ^ 4*jJ? 2bJ^ 4* j>? 

t ^cA(7,) :L,jJ ti^U- &*aj . W p cr A (V W e) :p>0 

o*L- ; 1— isJI L_J! Lc . yG^£/(2iV) Cr-Q ■ w e/i2N) 3 j— ^ 
jjtfH/ojS yi6A(F 1/2 ) ikiJ jL^I Wg/(2iV) c A(Fi/2) 

^. : < JJ 1 j ; f I — JlJI j &S ; ^ . £ 4., k&JI Jlj^J ^JJl 

Ui.) ^k uJ W^eAijv) cr A (F 1/4 ) ^ . ^|<e/(4iV) 

J-^ly . If— ifi— U%\<e/(8N) y 2 €A(F 1/4 ) ilalj jig I 

A — )aju 7i = l, 2, J S" J >-l ^ « 5 2jj LaJI 90^ 

. |y— Vi-vz— ...-y n |<e/(2 n+ W) £ — ^ y„£A(F 1/2 n) 

oo 

" ■ n=l 

aJULJI Ol» X «LaiJI olS' U . \x n \<\/2 n *^>j *n€ y i /2 n > 

oo 

01 f . * = § *n jSJ 4 ( v _ 73.12) 2ujl2i« z,4-*2 + ... 

71 OO OO oo 

olj . A« = A(SjCn) = S Ax n = S«/n = y *-l*J A jJjll 

1 1 
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£l 1 1 — x | <- g g£j (. i*»U- 
| Ax — Ax | = | A (a? — * ) I < 6e/(2fl) 
S J _^l^£7={x: |x-x„ l<8}'Sj_£iJ A(t/) ojj-^JIol^r 
ls~yAA *S.y£ S£ Ijy* d\ {v '• I y — Ax |< 8e/(2iV)} 

•^L^ 1 ^*J? dlljj t Y J ~**-y*A 5*j>? GcX 



»Ui <y (cj _ 41. 12) ^TLSJ, 1^*^. ULJaJ A JlT 131 . . s* 

A -1 ^^-^Jt Jr^ 1 *l>i» Y ^ <j*&> J*- X f ^ 4^*^ 

.Uii 

5jls-j VM-S oJl* J i_3 j*a a -1 ^j-^jJI yjlt Oj . ol* jUI 

ij-^jjl jj-aJI jl* iy Ai^J' J"* 1 **? • ^-J~" {J**" 4.w.Ja.i y&j 

.AG cr Y4*-j?*i\ tj*G a X^->^ JSJ A -1 j*)^ 

SjT(_Jj^ {x I | X | < 8} 3 j£JI <L~£*J1 jj*oJI (jl 4 i^»U- JisAJ 

. A" 1 Jr^ 1 j'j*^ 1 4>»i '-^J ' {y\y\<&} 
I a: |i t^«JaJI ^ IL-JL UL" L *Uii 6^" 131 . h*~i . 5 

.(53.12)^1^ I x | 2 j |x U OlgliJI ciUJuj cx6L 

aJLp J*ai jjl X c5 >. : la. , JI *UiiJI <y A JjIIoII J^^ 1 . ol* jd\ 
<uU J-^ ^jJI Y ^j^J' *UsuJI J* | x | 2 ^riaJU L J^jj^ 

£>Sl j J -kJI lj ft jj . I x Ij plidl— ? L JL__;jJ_^ 

t5 -iUJI Jjtfll ^ Igi ciJUoT ^1 jl 1/ . I x I, ^ C, j X |j 
(i - 17.12) Ju^lkil i*^ 1 dfc i*- J u — >• 

^>»LaAJ j^L* J^~" li* ^ ^ ^ (J^ J*^ • J 
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JS" J>-l JhJI Ju9-jJi J~Udl UjjJ 6j£j <i«3i X 2 } X t CfSik* 

: i € X ^Ui 

X — Xi + X 2 , Xi 6 %u *t 6 %z 

jl) JaiLJl ^ -cuTy: x JT J^u ^JJI P 4 jjjll 

^.UiAJIj x *UuJI jt ^l/il 61 P 2 j Pj ooijll 
J-Jallb i^ULl ij^kJl JJ^b tiiJij toUJU* X 2 j X, OwjJ-l 

■ 

I * | s = I *1 It + ! *2 ll 

• l*li<l*»|i + |ar,|, = |*li 

{*<">) 0^ • <c^J V-^ f& X-.uui 61 

oljLAl ^ ^1, t ja:j 2 pliJU A-«JU 

x 2 = lim*<») J *i=lim«i»> u^.bjJI 61* fl" X .UaJI jl ll 

. X=X l + X i £*j . Xz eXi 
I x—x*) j, = I at,— |, + J | 4 _^p 

U \Xmj t f*j 2 pkOJ <~JU {*<»>} iJtdi a; 61 ^1 

6**J*i)l 61 tfji J jJai .4 |*| 2 pkJU X jl ^ 
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I * I2 = I an li + I * 2 li < e I * li = c I a; I 
I Pi* I = I *i |i < e I a? |, J P 2 x I = I *, |, < c I at J 

j?™ ■ ^2 j ^i J Cp**^ Cjlai-Ai p 2 j Pi u^Jj iX» 

j Jj«J • Xj J ' Ua>- A 2 I jJyO X t J I j Lk>- A t 

: jji—jJI A. j^jil X *UaiJ) 

AisA(i| + x 2 ) = Aj^ + A2X2. 

c X *UiJI J A jjjll jl . J^. A yjil 01 ^IjJI if 

Ar = A^j + kjx z = KiViX + AzPzX 

* X .UaJI J P 2 j P, JljijU 0^ U. 

I Ax I < 11 A, || .|| P, || • I x I + II A 2 || -|l P<TI -I x I = c | x 1 

. i-k> Ciyj* SJUlo .37.12 

:(! JiJt v _ 17. 12 J J^Ju .1 

II A || = sup |Ax I 
1*1^1 

j X ^ «>* ^IjJjll a* ciijU L ( X , Y) *UaJI J 

i~-JL A JjSi\ j£ £j\y$.\ y Ai, A 2 , . . . 5JUl* VjU^ 
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sup I Ax — A„x|<e 



j£J . UU y Oj^i U.up ^ I; L (X, Y) *UaJI jl . y 

^4 Y J X ^ *Ja^\ ^'yj^l i>* ^r 5 ^ A i, A 2> • • • 

(O II A n - A ro ||<e 

:(1) _ 17.12 iXlxJ* >l ^ M - w^JVcn OIT ^ 

| A n x - A m x | < || A„ - A m || | x | < e | x \ 
{ . Y *UiJI J SJijS' AJhi* JSJLJ Y 9A n x Ui^l Ot 
y = Ax **sd 4 y = lim A n x ii«ai Y9 # J^rj; li^J f lJ Y 0[ 
( L (X, Y)) *UwJI J ) iA? $ jLj j jjutf Ja*. A jl C~X j 

:oljLIt |jw . A„ SJhiU 
A (ax + Py) = lim A n (ax + fly) = lim (aA»x + PA„y) = 

n->oo n-»oo 

= a lim A„x + p lim A„y = a Ax + pAy 

( 2 ) I Ax— A m x | = | (A — A m ) x | = lim | (A n — A m ) x | <e 

n-+oo 

Aii^bj tA— A m ,ji JJii <y im > TVj*-' O^J (0 J-*«j 
L (X, Y),*LaaJI (Ail Jj»-I A = lim A m Ja,u U jAj 

i m-*-oo - 

l (x, y) = l (x, /?,) oii i? t ^yLaJ-i j^ai >» y o& ii\ 
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Jp o j^iJll SJa-Ll OLoLJI JT <y t-iljJll) *UuJI IJu ^4«wj .^l; 
-j -J J (<£>£JI jLaai-b ji) ^>iill *LaaJI ( x *UaaJI 

X* 

SJait OlyjU oLSjil L(X, X) *U^JI Ott A-L*a, . =r 

J^~M J L(X,X) ^ -f^ x/^ *^ J 

• L(X) 

A„x->Ax wULb A, A t , A 2 , . . . £j\JjL\ 01 v^J^ . j 

<>^~) .>*JI JI || A n - A || Jj>. 01 OjO. X9l J*" Jfl 0* 

Jp^l ^ SijjLtf A lt A 2 , . . . oljJ^ll cjIT lil .iifcy 

JS" J>-1 .y iiitf Ax = lim A n x 5J%J| cJlSj c Cudl .-jLj 
Ax = lim A„x U X J d& Q 4*>* .y i 

• X 9 W* 

0<ecH <y • 09^ ^ 1 * = lim x ft ^SJ . OU^J* 

ft-*-oo 

JV j? 1 1 x — x h 1< e/(3c) Oj^i k JJl * 0* 4 cs^** 

. . . 

| Ax— A n x |< | Ax— Ax h | + 1 Ax ft — A„x fe | + 
+ 1 A„x h - A n x | < || A || | x-x fc | + -J + 

+ 11 An ]\\*k—x\<c-g- + -j + c-±- = e, 

. Ax = lim A n x (Jl \JJ»j 

n-*oo 

yd. OjAj iijUls 1^1 A t , A 2 , . . . Cs\ Jy iJliU JjiJ 
Aj i>1 k^^J tX9xJ^ J*" 1 4 A n x-vAx OlS' lil A jJjU 

. A n iJhiJLJ ij^iJI <bl$JI 
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.-^"It J^l IJua . 47. 12 
5Jbi* OlfiaJ ci^Li til . ( Steinhaus ^ jI^jl^ j £UL ) ijjJil . 1 
*Uii J x ls^"^^ *^ Cf A lt A 2 , ... 3j*iw.j iJai- £>\J>y 

sup||A n || = oo, 

xllaZ, u„ (x ) = {x 6 X : | * - * |< p}~ojZ J < Ji>-y *jti 

sup | A„ (x) | = oo 



J l^K" SijO^Jll Ai (a:), A 2 (x), ... ^IjiJI SJl^u j[ . Jl* ^Jl 

I Jeii t iJUibj . S j£JI Jla j ^UaiJL JjjLji C~~J t | x | ^ 1 : » j£J' 

J_S^JI j—* S^_$" 3_J ^L_kJL_j SjjJi* C J 4—JLaU 

j A„ (x) JuTiM CJIT *iSl tf r (x ) = {*: | x - x |< r} 
dUoS" oj^j yyi jl£J t/ r (x )9x J*-l ojjj^ A„ (x„) 
J-»w^ Ioaj t A n (x - x ) = A„ (x) - A„ (x„) ^j-^r 
J Oil Jc&i r jiaill tJuaJj /jll <^li * j^ 1 f-»jd x — x jl 
i»-S ( *o[<p) «i 'j^* C^p(xo) •j^ 1 

tjjUc; M ( A, _j U> ^UUI Ij^ yjJ) A„ i*£^M ^UJt, 




1^1 SJls-^JI t-JaJb 

) I>1 



A 2 (x) ./-'j— »J *2 jwai* S^_^JI oJU* J->-ta ^i*_>«J 
£uLJI Sj^JI J Sljisi U p% (x 2 ) 6j>-\o£ Cf- { I A t (x) j > 2 

|A 2 (x)|>2 (p 2 <-i-p 1 ) 

UjUail oUaJl iU-lai* ol y" SJbi. Jl J^aJj aJlwJI oJl* J*pI y 
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ili jUJ jdl X iiaUl ijPyA*: l^jd . Jl J J £ Pi> P.2. •. • 

:4JUI OU*-I^U (i _ 47.3 3ltjsJI 

I ^ (x) I > 1, I A, (*) I > 2, . . ., I A„ (*) I > », . . .. 

- 

j»Z*~j> 5Ja»- Ol jJj* SJlzu a 4 , a 2 , _ CJIS" lil . Agfc^Ii . 

jl* SijJtsi Aii, A 2 x, • • • iciMI iJk> 4 X^^U! »UuJI x 
.t^uliJI {J -^» J*"iM ^ SjjJl^ A t , A 2 , . . . OljJjll OlpliJ 

j 2Ja>- A t , A 2 , . . . Ol yy> *J\ZJ» CJlT lil . 4.>/J . > 
5^ y n = A„x 4*£!>U CJlTj 4 Y ^UIj *Ui* j X ^Ul* *Uai ^ 

• YJ X o* limA„x 
0.2 j a, i X *UuJI ,>* i^^" i 2 j Xj j£J . oU jJI 

A„ (a^ + a2 a; 2 ) = 0^*!+ a 2 A„x 2 
A (a,*! + a 2 x 2 ) = ajAx! + a 2 Ax 2 , 

\ OljJjll OljkJ ol t u oil tfjJj 1 X9* tk 1 t>* 

4/ J*l a-lVK HA* IKCtOii M . \\K\\'<C':**3<& 
J£\ jli i | Ax | = lim |A n x |< C ' I x |< 1 1 x 

n-+oo 

. jllaJLI j 4 jC*~a ti^JlfJ 4oJl>-jJI S (j ijJtfSA 

.(i _ 37. 12) 
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: A jJJU fib, ^UM JUI jjoSdl JMj^^I J*., . j 

• ll A |K sup || A n || 

n 

■i c = Um||A n || 0^ .ji<&$ J ^1 J*^ 01 

lu-Ja, M oi t* . ||A„J|<c+ e (*=1,2, ...) A„ h 

|| A || < sup || A nk ||<c+ e 

|| A ||<lim || A„ || 
<L>*>-ljdl sjjb J < >»jJI luS^c ti-jJiil O^LU J 

.(^ - 57.12 ^J, ^ tfj^) 

A j£ o jii Jbjliu A n Ol jjj^ SJl^< jl <jj>j*j • "^-^ • j 

. Ax = lim A„x n 

n-voo 

| Ax — A n x n | < | Ax — A„x | + | A„x — A n x» | < 

< | (A- A n )x \ + C \ X-Znl 

w kit) ^Cj A n oljijll 5Jtat Jttyi j - \ j b^x . ^ 
V J&J^n -»- oou jliJI ^jAiyuj T — {t} ~<£-y£ J* j*< t Aj^jj^> 
.(21.4) 2 1 A*>*^U J* d> ^ S J*J 
>( *kuU JJ-I Ijul otll OULJajl ^ aJI_^I OljiiJI J 
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tfULfljj i*j±P%£-\ oUtltl *Ui .57.12 

UJLU oUtdll ,y JAy\\ ^UiJI »UiU X >• y J 
^iLj^ll jcJLjJLj j jjil x = (§!, £ 2 , . . .) :3ijo>JLI 

||* || = SUP 1 1„ I 

J* Sjbj .JU-I i«--kj iSJui ^UiJl *UiwJI 61 

l^kJI ^Ju j\ o j^La dJJi OlJI gk-....'. tfb" X *L*aJI ol» 
Sijj^JLI SJuLU J>iy\\ ii s (M) *UuJI ^ <u*UU 

*UiiJI IJub 61 il t - 32. 12) M ^Jj> »Uoi Jp o 

oo 

S|/ n |<oo 2JLi>- jIj^I XJbu /i, / 2 , ... -\&J . t«> 

n=l " 

(i) /(*)=2/»l» 

v ' n=l 

LjjjJj X9x = (£i, ...,!», •••) J-S" J-J.-I (j-a 5_»j_^ 

, v |/(*)|<sup|6„| S |/„| 

V, *■ / n n=t 

. X *UiwJI J* 4-k>- OuU 4 JUU '(0 «J^' 

4 X *UiJI j SJtf-^JI S^T J# SijJ^ ouUI «Ia 61 (2) S^j-I^ll 
:ls** T \ji\ b>*JaJ dUi Jl AiL^Vb 2 j*i~o ^ JUbj 

(3) ll/KSl/4 

n=l 

' *o =(£i, 6i. • • • ) fc^ 1 ' ^ B ^ 

J\ ^ x 61 Ji»-tt .('* = 1, 2, . . . ) l h = S g n / ft 

: Uj Jl! . x J o jS' 

/(?o)= S /*sgn/ fc = S IAI- 

feassl * — * 
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(4) II/II^^pI/Wi^I/^hJiai 



:jl (J j (4) j (3) ,jO^>-\ Ji\ iJjUx 
(O 11/11= S.l/nl 



71=1 



Ua-M oLuUI JT A^yf Joki V (1) J£AJI cli oLubJI 61 
X*UAJI ^ aJj*- oLUi U jc*l til til "ill . X *UiJI J* Sj^sJW 
»Uai J^jj .o j^iJll 4-iajU ijubi! ^UJI JSLiJI ( _ s L*j (1) jji-jJl 61* 

. >- (J OUUiiJI oJla ^ cs^j^ 

** 

dp X9* = (Ei, • • •) J*" ^J-^ x ^yy.> 

. X^UiJI Jj^ x 61 ?*J>\jtt . lim g„ = 0. Jid 

— n-»oo 

:<j£J . jU« ^yjfl *UeuJI lift ol 

^=as")>G^o (^=1,2, ..'.') 

* = {E n } = lim x m . 



^ f II || = sup | | <e/2 

» n 
oi* J re>p J*- 1 6* Uijl UjoJ . »>p JT J^l <y ||(j»)|< 8 /2 

61 ^ lj — »j t I5»l<l6.-&" , M + I«" ) 7<e- :* iU-l 

- 

lim S„ = o 

^ oLf ^JaJI »UuJI 6l» X *^ J X Ap^fc^Jll 

: fB 

^ . n 1 Jat ^ e „ = (0, . . ., 0, 1, 0, . . £A>. * 

:M X„9* = (6 lf E„ ...) JT. J*l 



m 

|* — S En*n || = || (El, • • • , Em, Em+1> •••) — (El, • • • , Em, 0, 
n=l ■ 

= || (0, . . . , 0, Em+1, Em+2, •••)!! 
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<y |U|<« ^ o<e cH u> N aJuJI d& lilj 

oo 

1 

jl t <LoL>- <U^oj ^ *U«uJI plaJ <U~JL <jjLiu 4JLJLJI 

U jjjl x = (£1, £ 2 , • • •) jsoLjjJI JLjLJjH JL^j^JLI 

OO 

• « °° 

UJl.ii3i.Uajl 2lM *^*J-J vj 15 ^" •^•^ • x 3 x = {In} o& 

n 

<Pn(*) = 2/h£fc (W = l,2, ...) 

jlS" dUijra ->-oo 11 AjU/ CjLjuUI o JlA ^2J cA> ji Ja*-}C UJli 
SijJ^ (p„ kl<L*jbJI » JlA C>Uii! ol V - 47. 12 JuJuP . x 3 j 
J* n JS" J-s-l 0* ( 5 ) ■ C CuWI ^ Jp^I ^ 

Nn|| = 2|/ ft |<c 

iLUI Vj Uu Jl a^j 

Sj^U~. ll» OcjtJ f Ul JSLUI Jaju ( 1 ) SjUJI jl cfrl C-M . ^ 

. X *Ua«JI Jp j£~a 5Ja>- ijyl; ' / (x) J&J . Xo »UuJI J* 

flj «"...U a JaiU CjL-joLjJI 2_JL^« J-^ijj f(e h ) = f h £-~a> 

x= S SljUl ol . ( = 2, . . . ) <p n (*) = S /ftSft 
h=i *=i 

:<jli joj^iw / V^UIj x„9* JS" J*> J* **** 

/(*)«/( 2 = S W («*) = 2 6*A 

h=l k=l 
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jii l _ f fj\ .j (- — p- -*LU\ d~>- (1) j>L-aJI 

J* f j_J*j tf ^t JLp- ^ • J|/|| <||/|| 

:J* J-"* Z 9*n={sgn/i,...,sgn7 n ,0,0,...} 

^ * n = 2/... J r J ^1 o—- \\f\\*>%f h \ 



.oU^-l U y>j t ||/||o=S!M = ||/||JWlfJ • j|/|| >||/ ft |. 
( 1 ) t>° i^utJI oA-a J-^ .( k V-^' < "~''^ WV***"^ ^ <«Ji 

OlT ^ 1 ^jL-; OuUI ^ d\. m= £ Jjfl ^ / m = • /* = 1 

J ^ J-^ 1 u-^ ^— !i <> SiL -ij ' M-^-J • A = 1, 2, . . . 

,. ,\ ,. 4 : Xo:}* = (It, %Z, • • •) 
lim g k (x) = hm |ft 

.duos' C— J C^LuB « Ia £>\<&> <y ( i _ 37.12) 

ILUJI X9* g, f - . JT 5*^*1 x f >^ .±> 

t JU-I ^-k, t X, 5p y^X\ JSJL?n ooU &, 5Jb*U Ijfdll JulfU 

.uJ iUUIj x J>> *UiJI x •U*3I <>• LJ> *Ui 

c A* = {A,, A,, A,, . . .} J£iJI ^ JUJII {Ac} 

^> *Uis" x, cM Ajl ^ «j* - 3212 :5 o JiJI 

J«£ 5iU: j>jy : «> >\A* 1, 2, . . . al.x*^l ^ 
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. _ 53. 3 <«rlj)oo =lim n'j U»UJ 1,2,... 

JSJUI J* V o j -o--—- 5Joi- iuyl; x, Jj±\ *UuJI J dL* 

: <L*l»- 4Ayaj ( 1 ) 

L(*)=lim|„ 

n-»oo 

jIjl-pI jL-~*L; (1) J_£iJI J* L^wJj jLS^U oLT jJ 

go • " 

L(x)= S lim'Sn, 

h=l n->oo 

t( to = 1,2,... ) L(e m ) = / m = i x = c m f-^jH L1 -^ L 
Jl * = e = (l,l, ...). -dJ Ijj—a 

• L(e) = liml = l ■■u*'^. $M M«)=2/*-l=0 

fc=i 

Ajlyi 1^1 Ml ( 1 ) .-k«JI ^ OuU C~~J L (a:) VV^' ^l* 
bjJ : Xi *UuJI J* (1) JSLtJt ja oLuU _ 37.12) 

L (x) = lim g ft (x) • 



0* jJL*JU OLIUlLl £fr . 67. 12 

ilj^MI oL)bx< (^1 jUi* iJbii ajI^JI { jt** L* ijj . <JLjL>- 
J5" J-^jj J^-i _/»Mli c£j*"' o jLju . il^Jll ^ >$aUj oJipLdl <JLZA-\ 
Jij±\ *UAJI tfj*X =>X* JU- Jj*r *Ui <y » = {a n } Ubu 
LL^i Lim a n sjju 1ij\2zl\ oUhdl ^ ud}L\ -Xi 

: SJB V^kJI i» j ^Jl Jlst j 

Lim (aa„ + P& n ) = aLim a n + pLim 6 n ( 1 

t P j a obJunJlj X* J {6 n } j {a n } jUbsU CJlf 
t a n Ajjliu aJI^U Jj>-I ,y Lim a n = lim ( 2 
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. X* J* oj*z~j>josjMZ Out Lim a n (3 

^ j^i-C ajLjJI , ( Cesaro ^^f^ *dW-^' 1 J^*^" 1 • t-J 

JbLjJl UjyJ ^ t C-lim a n ^ U> y> j jjjl t {a n } 5JkdL 



C-lim a n = lim 



4p-L. J* ( 3 _ ( 1 i»j yiJI jAjt jjjy <i^r ^' J* jL* j^ 1 

^wtfl^jl ^j^i oh*i! Uji Jj'jr"" *^ Ja»-^j 

C-lim (0, 1,0, 1, = | 
^ ^JUaJ ^ (1) 57.12 J£Ut ja oLutJI ul . > 

^jft *UiiJi J* lim i n s^bJii ia^}\ {J> 3 ( ^kuj ^ u;^ 

J Uj ^ ^ SjUII Llfdl j! .(^- 57. 12) JS^JI J* X, 
Up (1) 57. 12 J£iJ!o!i l^U-l OUuUJ ijiJI iUJI 4 * _ 57. 12 
OL»ubJ iil^ iwiil 5jI<jJI J* J^aJ-\ iJlSL.! L-! oil 

J*UJ JSJJI IJt* ^ OLuU 5Jl^u J^-^JiS ( 1). 57. 12 
Ujjk- vJyJ m = 1, 2, . . . 4 T = || < hm || -i- Siii**. 

00 ** ' 

.m=i 

a^ooH Sap-.** T k (i) a iap^| 3Jt4 'SjUI ^1 CJlS" £1 

T(*) = lim T k (z) = T-lim£ n 
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Jaiij lil Wfc. lAf T (x) a-jwUI o j& •( Toeplitz j~LjJ ) iUjJai 

: SJhJI J» « -jUI Caa^ lil 

(1) Jj^ 1 ^ (*-f 

( 2 ) iim S «fcm = l 

h~*oo m=l 

(3) lim^ TO = (m=l, 2, ...) 

Jij*. T (*) JuoUl CJIT lil ( 3 _ ( 1 r jjj c«tJ . ula jjll 

iJkill CJIT IJlAj oLubJI JT dJJIT 

jl i _ 57. 12 Jvkij dili j* .y*aJI ijtfiU a: = {£„} 

— 1 m=l 

01 *o 9 ^JS" J*-l ^ T k (a:) iJbdl vjIaJ O 4 ^ ' V - 47 - 12 
_ 57 . 12 J *U- ^ OlfkJI oJub rfijAsi T h oL^UI 

*= (1,1, . oyisuu _ t ji j^l . jsjc (i) oi tfjj v 

57. 12) * k £l*iU JuIaJI ^JU jLi-b, . U.I Ja^s ( 2) J^iJI jl ^ 

.(3)i,^lc r iJ(i_ 
T(*)oybJI J«2 (3 _ (1 J»j>SJI 01 Jp 0~^l j*jy 
T (y) = lim T ft (y) - T (re) = lim T k (x)oU^JI CJlS" lil 

: J.UJI 0l» ly = {ti n }j * = {| n }^Jbu J*-l ^ ^ui^*, 

T (cue 4- Pi/) = lim T ft (ax + $y) = a lim T ft (i) + p lim T h (y) 
OulilJ X T l Juyci\ 5>-L. 0l» j j P j a O^lSJI 0^" »-> ^ 
Ap-UI oIa J* 3Ja>- ^ L*jUI Ul *Uai T(x) 

e = (1, 1,1,.. .) SJUsJLI « Jla ^j-o* 
T*(e)= fj * km , T(e) = limT»(«) = lim 2 <» m = l 

m=i h-*oo h-*oo m— 1 

J ^UiJI (2) SljUl UuL£ lil JUL, .(2) J, yyi Ijjbj 

oLjuUI 0[ . .X"o3 x j-*^ 1 J* jUaJMI ^jA^j 4**«il 5jIaJI 

.( 1) JpjJJI k_ >■ cC^LjJL. tjiJiuib iojjJL* *o .UaJI J T ft 
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: * = (ii, • • ., In, 0, 0, . . — i*JIJ — =r 



J£fiJ .(3) J^UI limT ft (s) = lim 2 <*mE™ = 

fe->oo 1 

jb dUJuj i(i - 57.12) X J jlS" ^,1 ap^*? ^b. 

OwW ol iliUUI Jb l^s-l . X 37. 12 5ii»yJI ^ 5^ 

J - 47. 12 Jo*, t _ 47. 12 y Z T *UaJI Jp SjjJtft T (*) 

|| T ||< lim || T* ||= lim fj |fc n | 
II T \\>i 

l^yiJj *t3* ^ xp Jujliu T k (*) oL~UI t X T 

J* Lajl JbjUi* T h (x) OLjuUI ol i - 37. 12 Stplyj oajJusi 
i X T l^i^^U T fc iJbuJJ v-jjIaj 4>-L. ol c£ • ^ T 

.i^jaJI ol* jJ l- j4*>i diJ t^T = XtO*\ 



.ilLol . 77. 12 



:4ijLA\ (.kii X t Jpii^l) lim 1„ Sibdl ajI^JI jiljj 'l 

10 0.. 
10.. 
1.. 




"iiyuaSXs oik** (t_j _ 67. 12) 

10 0.. 
1/2 1/2 .. 
1/3 1/3 1/3 .. 
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j aJLu ... t p 2 > 4 />, > 1 p > j&d . l ^c r> *l>. jdU*S" 

n 

J>j>S £x* i P n =S Pk ( n = 0, 1, 2, , . .) 
1 ... ... 
i>iAPi Po/^i ... ... 
P2/P2 PilPi p /P 2 ■•■ ... 

PnlPn Pn-llPn Pn-z/Pn ■ • • Po/Pn • ■ ■ 


■ 

3 (!) C&J^ Ol Jaa-iU (Voronoi) ifyjjji HjJp 
m = (3) J»^l W .o^L* bb ii«£ jiJLy JuJiJ ^ (2) 

Pn-m < -_Pn-m_ 
■P71 Pn-m 

Oli JUL, .mjlT l^pX^Oi/JI ^ £U,'(3) J^lj 

Ai^i**. <J*Jjji OjSJ ^ (j^Pn/Pn-** 0:±,jl}\ 

i ^J-l Jl j_yu UU Pi= p 2 = . . .= 1 p = 1 ulT bl j^JLy 

: Ajl^i _ T Jl uUtft (jA-J ^ . 87. 12 

OjT ^ r j>ll JIJJI . ljin | n Sjbdl 5,l«JI J JU-I y> |^ t X l 
St* aUaJIj o^y-l oJub ^ J^AJI ^ 

Jaiij lit X T = Xj j| Jji; [2] A .Broudno \ J 4^ki 

J-T J-^l a—JUJI oHjdl jJi^j- 6 c^U jl^j lil 

lim|T n (x)|>6 lim|£ n | 

n->oo TWoo 
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Jr* 1 ) fj^ >J ^ ^ ' hn jUp ^ 4WjuX t = X! 

: ( 18 ) £m£ bl = Xi d^i : ( Agnew 



lim2[* nn — S|«kn|]>0 



aaU >~ ^ £~j dJi j^jj . ( 8 

X .UuJl J_f Jp Lim \ n a ...^ a_;V jbrj; 

V w*il 4jl«JI »Jub Ji* ul Si 4 [20] Lim| n = Lim| n+1 

7i— ^oo n-+oo 

JUJll ji T (x) a~SJ\ jU T oli ^a-aII ^ _^*aa£ • >■ 

. In iJbiJlJ ALsaW pill JS" ^jat ^JJI Ax = [lim |„, lim £„] 



2—10 
2 —1 




. 



2—1 

■ 



: Jbil JIJ-Jt C > Ol ^ycJaJI ^ * = (1, 0, 1, 0, 1, )s**$ J 

pSJI JT j^J J*- r Jp ^ ^1 Joj^iJI ^ U 

JUJU UiL* (X9*J*-I ^T.fa), T 2 (x), . . . iJlsuJU 4i**U 
Oj. JI ^1 3—JLJI JL. jJLJI J v^l^l jj. ? A (*') 

lil Uil l«J jliJll wlsl-l J2»o" :(9 ji>JI ^.-Ij) (Robinson) 

lim || T n || = 1 JIT til Jaiij 

n-»oo 

2~»JaJI jj-i-l . 8. 12 

CijJI (j-iJ J JiX ^jJI U ^j^eu *Uii I . 18. 12 

: ( U plaJ JL-jJL ) x n x £J lil UJt! (i _ 81. 12) 

• U^y J*" J>-l ^ yxn^y* 'jx n y-+xy 
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tr* 5 (v - 3712 ) u*^* 3 X i/*" 1 ^ * Ls * i <s* J** 1 
jgfcjl 61 jjfl lA* J Jb-* (.J - 17.12 91. 12) ^ CijJI 

:(2)17. 12 4*ur\ji\ &± 

(1) II AB IK || A || || B || 
A„ -*- A jlS" lit <U*l»- 5a**; : L (X) jt clJLJi <y 

L (X ) ^ L>J> B 
1 1 A n B — AB || = ||(A„-A)B ||< || A n - A || || B || — 

• A n B + AB<>i U 

lJ ^u & JT J Uli ( 1 ) WJI y ^Jli* oi Ji ^ . ^ 

luSU IjJj .(88. 12 J dJi tf>-) >l pfc JUuiMI J*j IJlaj ft 
j x n y-+xy fjL~j x n ^x » j'j^- 1 ^ u*ty* 

:AXa i^jil Jf jZj « y jlS" ^ yx n -+yx 

(2) Uy|<|x||yj 

. u J y j x 6^" U* 'j^j 

JJL I jU** UJiJ Ijyr ol i (2) 4-ULI Jl iiUI i J; Ipi .a 
AJlju Jist ^>JI 01 ) . | e | = 1 jlj (>- - 81. 12) e o^-j 

{a:: | e - x | <"l} 3>JI 0[ u f U c**^ J«- <3 ee = e 

. ^JLiJLJ iLli ^»U* UJ> 
:iUUI SIX J^l^ j^ 
( i ) y = e + (e — x) + (e — x) 2 + . . . 

aUUI jli Oil I {e - x) n | < | e - x |" : ( 2 ) M 
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: J* J*ai. a; = e — (e — x) 

y [e — (e — x)] = 

= [e + (e - x) + (e- x) 8 + . . .] - [(«_*) + (« _ x )» +...] = * 

I* — if 1=1 («-*) + («-*)' + • • • Kh'1',1 

•0 J** J* 

^ J_S- J_*-i ^ (2) LajjJ t = e :0\ If 

l(x + A) x" 1 — e | r : | fcc-i |< j A l |< 1: | A J< 1/| | 

<Gl ^1 4-i _ 28. 12 cJliU %\s (x-\-h)x- x J** If 

OjSo jjj^p . (a: + h) x~H (h) = e : z (A) J^_^ 

JU-I ^JaJ s j^aO*' : c_JiJU %l# ! * + A 

(x + A) a;- 1 -> xx- 1 = e : jl» A -»- jlS" bl . X ~H (h) 

dJ !i j . £ — il; t^-28. 12 J ^ z o! v-....-^ 

x- 1 .A** 1 j'j-^-t jw yj i (x + h)- 1 = x^z (A) 

< l/r^lx- 1 ! Ol JUDi ^ . 1/lx- 1 |<r 1*>S cAvo^ 
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Jir o-UI iiU- J* g\j z cJiU JjIS JT o\ . 48. 12 

y»» yz, . . . j^Lp aJIsu a villi <_j<u t (i j,ft,yaU (j^jk j^lj » 

38. 12 jl jii*. • i„->zJ 0€'*n = **V| x~ n 

|9,|<|(I -.*») y« I + I *nVn I < I * - X n I + 1/1 I ~> 

z ol^ - lit oSl *_JLaJI J-iJ M jA^alJ Wftil ^1^1 oli ^ j^aJI J* 

Cft Cf* • z-Hy n = y n f jk~4 zj/n -f Q OU ^ 

( 10 ^jj^dl) ji*aJJ Uili 

OJUIp ^ u fbj ^jJal (gJA* j^r £ oSlI ja LJ w . I . 58. 12 

. ( bjJUU Ijyj- jl ) Gelfand 
JjIS jwi^ e — Xx o jLJI jli JuUJU- j?r <y x j**uJI ulS" U-* 
J — aj-1 a-^ ^ cA-^.L^ ^ ^o_a* a J->H j— y JL2.U 

: I _ 28. 12 bjj JUL, jz^O Ujo* 1/| * I > I X I 

( 1 ) (e — Aj:)- 1 = e + + A,V + . . . 

: ( 66. 12 ) yb(l) 4JULJI jUj _^aS t_AsA» jl 

( 2 ) P_ Ito^T^T 

^ ji-il J£" J 5jjUi« 3JL~Uli p — 00 l^J jdl 5JUU J Ul 

i^US^ ^i" I 1 JS - Js^l <y t-iSJL) JjIS a: ~ (xe j*a>JI o\ 
JJ — o — • 5 — r* — h \ H I > f a: I J-*-! 0-* ^ 
J*f ^ V- j^>^ JT . x — ne = —n( e — ^x) 

( «_^L-JI jl . g -jwal»ll t-A— J? i^-iiU J-jLj ^ x — ^ ^aJjJI 
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* * 

jmJII Ijj> o< ' - 38. 12 y> £iu .t_iJaJI J* (x — fie)" 1 

( u J -uJ ) ju J gfc (x — ^e)-! jl I _ 38. 12 £^ 

. g Jp (66. 12) JJL£ ^L- <Cl dili Jp e^Lj C-iJ . G ^Ul J 

.otjUU LjjJ 

|- (,- 0t+>) . ) -». ( ,-^ -| (x _ (|1 + fc) £) _ 
(3) («-ii«)-(«-Qi+*)«) m 

= I =e 



t A -*- U. (a; — ne) a <JI Jjji ^JJI (x — -f A) e) (x — ne) 

<4) a "-"•+»•>:-<-<■•>- 

.SJU- 

U jiaJ civaij U jS* ^ jx ^>L*JI ^ ^« j 5 ^Jb r O^cJ . ot» ^vll 
4 :J*1£JI jAu.|i|<r 

(5) / =2HT#^~^)" 1 ^ 
'. ' r 

J _ 33. 10 ^Loj (1) ^Ul JJ^c-bj fi -1 = A, J^ycX *k*.\y m 

lt*l=|- /X|=l/T- 

|XI=l/rm=0 m=0 |X.|=l/r 

JT J LLL£ (x - ne)-i gfcjl jl£J UU- x JU* ji 

•i^J^ *iJ^ , t**-*" ( 3 ) J* 1 ^ 1 Oj^jj n ^b*JI tfyj-A 
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jc*- d\£ lil . ( Gelfand - Mazur jjjU _ JuUJU- hjal ) , h*~j . >• 

4aJp ja p IjJlpj U jj-l ^« LaS x \ j*al* j£ju ill}'} ijJJ 
yoj x = fie^l x — fie = oil c »_^UL« <0 ^j-J ^ jjl jup- jJI 



u(c„) u jjJ-i ifi 6j^_ ji\ <juu ju*; .i .68.12 

ijj^ <ui* tlu C n »Lai J Ol y cJJjil 

j*> £ «jl .(aSjI&u C n J ol^kJI JT ol j - 53. 12 J Uj) 

U(C n ) jjJ-l 61* IJ^aj . a; ^UiJI OUijtf-N ilj^A JtJLj 
. C n *UiJt J SijJLsJtl yjll JT <y JUjll L(C n ) jcjJU J,lk. 

2UU-I ol* j / A jvaUlJ J 58 . 12 c^o*^ 1 ^^aC nJ-kJl <j[ 

dj£> A — (iE jJjll Ul viJJi : A yjUJ (C^ J*" 

Ja*-!& l^SJ * det ||A — jiE || = 1SJ Jaiij lit yJUUJ Jjli 

jjj* oU» <-i»j*ji i«UaI ^Jl *JU-I j t *<J^> I - 58. 12 j oLkll 
«• t d _ 91. 12 J A y> cJui* U 91. 12 j A 

JSLi Jp tUTliJ AAj^laj t P (A) Ol jJjil tAJU^Ui. 
jj-l ^ j^Ip JJU »l£JL 4 a yjil v-ii» J* oUjjdl jj*- 

jjf I J* ciJaJI G ij-L- J aJLUJI ^1 jJI ^ ,_iJ>ll U (G) 

•P(A) 
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.(s 

/ W - l gUi Jj4 u jjf' J u (5) jJ-l 6* JJbP 015. ji .hjai 

/nW V 1 ^ J*J * Jl /(*) — * ^Uij e Jl 

S* c # WL. J* f UaiJb / (X) Jujtti. ( n = 1, 2, . . . ) 

gbU jiljH / ^ ^b Ljliu U3/ n aJ^ J' 

• /<*) 

/ (X) £^ Ifci 6_>& jdl ap-UI j £p Alii* Aib- r 
&j i&'jZ \^ J* • S **>*>«Jlb (oJ^lj ay) Jajij ULJL£ 

gfcJl (1) J-JaJl Jyl .AibU aJUk jU>L JLcj M (l) J^l&JI 0» 

6*^ 4 v - 58. 12 J c«JI U dUi e ^auJI Jl / (*) »■ 1 
61 ^-iljJI ^ . a; Jl Jpjj gB ji Ab'lf 

6b C^; 61 vf= * U J u (5) 6" y** - ^j*d ( 1 ) jj^-JJ' 



/ J 6uil>ll 6ij wauJI ''-^ J 1 <Jp*~! # (A,) j / (X) 6^ 




■1_ (ke-x)-l-(ne- x )-i 



(2) (X e -*)- M _, ?r - r 

r / 6^** u^r**^ j?^ • A, -j n + ft (jAi^ ( 3 ) 58. 12 AafiUl 
ojSs 61 6ja-. r, cs-^ 1 T e j^X\ ud« 6^^ * W 

j — ~ 4(2) — m a — ul_^ .a__r J ^ ^ljl ^ 
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JL £ (X e _x)-i / (X) dX JL g (ji) d(i = 



, 1 



T e T f 



2nT # (X) "dX # (fie-*)" 1 g (ji) dp = 

=-sr#(^-*)" 1 /W^(A.)e». 



jr(X) j /(x) *b> (1) jj=~JJl ol Ow ^Jl 

. . is.li I. .1 , n«i. l li in -n 



II f ~ fn II = "ST # 1/ (*)-/» (A)] <a 



< sup I / (X) -f n (X)\^-f || (Xe - *)-» || | dX | 



^t. lim ||/ -/ n || = . jl^Ay 

bLu Uj**. ^-J ( 1 ) jjJasJI ol 
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:3ljLi! ^jJb—J JilfJI OUtfU- o' Ja»-^» sin te t cos to 

2i n! ' 



e 1 ^ 



COS = 1 — yp X 2 + -^y X* — . . . 

sin tx = tx— - T rX 3 + -r T 3?— . . 



3! ^ 5! 

L£x . 78. 12 



jl* VBx s x j* ujj. Uyb /(X) jir tit 

^ *p_^ £11* (v - 68.12) /(x) S, (jt) JUJI 

: jJUJI JJu JUL, 1 X = J f JWJ / (X) -fio 
/ (X) —|*o = fr-k )g(l) 

J U;l JJ* g (I) ^ 

: 1 JJU <y L>jJ . LU* 

/ (x) — Hoe = (x — M g (x) 

^ ^ jjjjlT yyi ou * ^ / (*) - w ^ 'M Ajl 

^iJUj IJukj ( * (x) (/ (a) - Hoe)-i y> ^>UL- ) x-Xye 
J*ry. t ^/<*)9^o o^J i^r&tilj . <S/ ( *,9no Oil -u^j^ 1 
£_jLiJI oLS" lil <lJI JJlJS . /(X )=Ho « S.BU jJax* 
g (X) = 1/1/ (X) -Ho) : gbii 0J» s* J*- f -e* / W. - 

^1 . 5 /<m 3 Mo ,»JI >Sb I* 1 / (1) _ |ioe = 
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i^l) j-fcl— • <ui »_j jviJI u j«f J ^1— • i^*" . **. 12 

*'jJ t>* ^-A* '( yx n ^yx J x n y-+xy ^j^i x n -»x ^ 

.(2)18. 12 J»jJJI ^ijJ 

' I x li toos-j u f t> ^*Jaj jj^- Js-I j4 . i.^ 

i J ajtj J^l .Jl & |*|, ^ J — j 

1^ li<l*ltly la 
^ j*ai\ Jy y>j A x jJjll U jJ-l ^ x JS" jJj; .oUjJl 

Ij?^ <• U J Sj*iJU <LkiU Ol/jU ^ JUjll L (U) 

.oA>- jJl E = A e ^Ji*-iyi jJ^LI <ui jj^i V 

*-U jL ^jj jl J^-JI ,y . A x (yz) = x ( yz ) = z = (A^j,) z 
J*4 A jS> jlT lil Ail JjJi . y Jjfl jffl C*\jy jjf wUU 

Ae= * £m*j I U J z J » J»-l <>• A = A » -z 

J jx*J' y> J* A jl ^1 Ay = A M = (Ac) y = xyl . tjJa^ 

• x 

^JoJ <L~i)lj) <UjlHi* 7 j A f , A 2 , ... Ol jjjJH jl jkj . L (u) 
£ J«fl j* A* A n x VJ 12 ^" • A yy & ( L (U)) 

: UjjJ jl* V jvaJI jl Lc . u 9 i 

A (xy) = lim A n (xy) = lim (A„*-y) = li m A^x-y = Ax-y 

• V3A ' <3r* ^ v**"*" ^ 

L (U)=>y ^jf | jl* (v- 37. 12) L (U) 6» U 

. L (U) *^ >; f ^ L (U) J^jW 
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:'j l*i I : u jJ-l J oUaJ (jVI UjJlJ 



1*12 = 11 A* ||= sup |Axy| t = sup l^d 



I«!i=||A,|| = ||E|| = 1, |*|,= sup 



l*li!> c ll*|i, e 1=s - 1 



Mi 
I'll 




I'll 

ybj t j _ 27.12 <_ s- l^lz J 

iJa£l Cf\JjJd yiJaJl uUttl .9.12 § 

Jl X *Ui J J^u A ijJ^ Jw- . 19. 12 

*UiJI j 4JUU1I oijO»JU Ua-U OljijU JtfjU L(X) jJ-l 

JUL (I _ 58. 12) 5 A UJ» Jlix jj-l Ijd A Ic . x 

L^IL. A-AE ^ JX N ^ * ^XJI ilJ^I <y 

^Jj ^ * Ayjlt JU> iji (X = C n ) t,^ 1 ^ J • bjJ^ 
pill Jl£ 5aJUcJLI JpLUI t m (O jap Jl J - 68. 12 J 
£y? Jl cO^iJI Jklu*- JX C„ *UiJI jl (A<u . a ^>iJ V 1 ^ 1 
UJ» IfL. Jls-Ij JS~ J a dilf S ^iu V LJ>r *Uii J j£La 
LLtfj A uuie Ul^j <UU-I aJUb J j&fj t«.x*-lj <1X ^» UJ^« 
A jJjll uui» jl* OaJ aJU J .(^ _ 71.12) 

jl t IM<||A|| ^jiJI J aljS^ ^jiJll ^ iw»I^L* 

t(l _ 58. 12) I X |< li^ |/|| A n || ^ill j 1 Jl,Jl>wJI J* 

n-+oo •* 

11 ji^JI ^-Ij) 4,UJI <JU-t j Jj\ oU>ii oLj^l j£x N 
.(^jiJJ «XS" <^>Ij^ ipy? <uJ> y> * <j ^J 
^11 JLt <y ^ jsoUp ^^fdll ^ Ji*JI iJb- J JbC ji . I . 29. 12 
f_*ill jl 3JU.I • Jla J JX"I U^Lc J; . A J \ji Jif ^ jJI A 
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ivil 5Jbu JJL A, iJi* iUj^u iJljJI 4^131 :A*»aXI 

£-*l^l j» . Ax„ - U n J I «» I > c> : J** *i. *i, ... 

o\ .J})A Ilk JLsli UJ y» ^ S-Jli uJ jl 

ol — lit ol JUi 4 4_^L1» Jl u—ctf A j— 4 „...■»« S_Jli 

x n = (A- XE)-*(A - KE) x n -+0 jli b jJu* 

iJli i*J Jii A'jJ> ^» J* *l>iJ Jl O^l >v > 
A — XE jl l* iJLlaJI iiU- Jp i*jlj A jScJ . W»u> 

jjjll jijU jli fi £ S A i A-(iE : 35JL;UtW OljJjll 5,1^ 

J^V* oil J*ry i 48. 12 J-ii> jiL*aJU j^jw ^*-lS A — a,E 

j^l J (A — A.E) P„ -v : o^ 4 II P„ || > c > J 2 * P " 
; I y n I = i Vn UUi jbi Pn y> J^l ^ . L (X) 

: I^J I *» I > c/2. : Of x n = P n y n ^ y . | | > c/2 

l(A-*E)*„ | = \(A-XE)P n y n |< „ (A - XE) P„ || 

. jlkil jjbj 

Sjjj^L vl—J ^ A ji> ui-laJ SJU-ljJI i>l£jl ^^osl IjJ U 

.(10 JJ^*ill) <W«ju iJli UsUj 

rOl^jil i-lji UL»I 5JUI Aj^kJI J$_J .39.12 

^ jciU* jCP_^>J alii A j^jJl £ A tJUaJI jl ^ jaJ .ijjJiJ 
Jl JJL&LdJ X cULJI o£j . .5 t j Si jc*l»Ux, 
^ A M X 2 j Jf t C#k* jw> j^UU ^L, 

Ai_aJ>j t Si 4Pj*^il Xi Jj±\ *UiiJI J* o jUpL. A UJe, jl 

• s,. y x 2 t/jfi J* 
u-Usji ^ijji ^ juju u (^ A ) jj-i jjyi j^xuj . ji» jji 
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L(X) j*fl J Sa J* 

t ji\ei\ \ jm ( 1 ) 68. 12 

/=2Sr#(*E- A)" 1 /(*)£», 
r 

Uj£> jdl As-LJI j S A ip y^>d\ .kjt jJJu, r si 

j Si jail** cr^j^ 61* ^ 5JL=H J Ul . r 

tjJiiSut ij^s^> {jA {^ii'tiJ jl jSLc p ^^is^JLIj US' jLZ* Jelij OjJj ^2 

5 2 J* J } J, iPj^-Jll Jp 1 J ^jUt e t (k) gUI o[ 

e 2 W g^l Uul U (S A ) j>f I ^ i U (5a) Jff 1 <i' 
oUyUI otjuo . 5 2 1 j Si APj*j>d\ J* J ^jLII 

«iW + e>W = l(sur5 A ) 

*J M = e 2 (X) , e, (a) e 2 (A,) = e 2 (k) e t (k) = 

^bdJ J.* CmjI^I ^ksLl J>Js»U E, j E, 

.jl O^lfJI oU*U- SUIjjj . e 2 (A) j <?,(*,) 

E t + E 2 = E, E; = E lf E; = E„ EjE, = E^ = 



X z ' 3 E iX = x <bUUJ ( X .LuJt J) J>U-I **** X t ^ 

0Sf E t a; = z 4 — bl — *JJ t ^ J__i" J_*-l ^ — . t J— >■ x = E t i/ 

ul*Ui X 2 j X, u'l jJI <y E i (E.tif) = EJy = E iy 

• E 2 J Et o-LjSjU jLr-^ 1 J-^ JUU*. 4 X *UiJI ^ jLIj*- 

j ( z = e iZ = e 2 z ji » zex^nx. 
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oLi IJL^jbj . z = Ejz = ^Ejz = E t (E t z) = E t (E 2 z) = 

4 y = E iy + E s y JS- Ju? y £l*A J* E = E, + E 2 ji}U J^kj 
oli (iWbj . * 2 Jl jWl ci>iij x t J' j—.VI »J >JI ^ ^ 

. Xt j x o'jfl oUUiJI ja j±L» {j* Jl X *UAJI 

i 

Ax jij i Ax = A (Ei*) = E t (Ax) jJxp . as £ X t 



. Aik-ljj jfJcjt N X 2 ol» 3JUU AAjjk; 
A j A 4 oj 'i A t = AE! £*aj .AjjiaJ' J* o*^ ^' L5*ri 

Ht Cy ■ X 2 J* A, j 4 X t Jjfl .LiiJI Jp J>ULlku 

A4= 2HT§^W(^E-A)-idX 
r 

Jp ^ .u^* e t (X) oV r, -t r ti^ 1 oAl^" ^ 

A 1 = ^-$X(AE-A)-i«», 

:M fi olT 

A, - nE, = J- § (fc _ ^ (XE - A)"i 

i Tj ,>s>^l ^ ol 

n _ 1 £ (XE-A)- 1 ^ 
ri 

v _ 68.12 J SjjIjJI oWjcl^I ^ Lku 



Ti 
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0>l • Xi J Jj15 A — (iE j5$U d\ 6j JUL, 

Jpu; ^ jtri ji X! .uiji j a jp jLy ^ ^ 

cP ck» 0* ( A - *«E) = y Q 2 j5> ±>ry. < X 4 

X t Jujf I »UAJI J uJiU %IS A - X E jjjll y i y 6 X 8 
. x £ X, JT J^l ^ (A - X E) Q t * = x J2*t Ql J'y 
X 2 J Q a } Xi J Q, JjUsj Q ljS> i^JjJ 
Lki- ljJ> dJtX-*- ^scu Q ji* ^- - 27. 12 JJlL . X J* Ua»» 

.JLjjkJI OU* . ^o€Sa ^ IJjh ^ _ A-^oE 

J aJUUJI OljJjll ^ <y tjl^l Ol^jJU .49. 12 

. <C1« Jku (^J »Uii J OljJjll 

<ylj^ *j\ X ^y^-lai *Loi J J**j A ^Jai- jJj^ ^ Jjaj Ubjju . I 
(1.39.3) l^>\ Ja <ui 4*^*? JI ^crXjjjjisi JUjjf J_p- bl 

• u^'>* *^vi* J {J^'yy jl 

*l iill J ^l> j-Jjl ^Ll* ( 89. 12) (ijJ^;^ j-ij— jc« . >■ 

. C 3 (o, b) 

^y>\ jLo ^ij* ^i. Juu (^i »Lii J E Jjlkll ^Jil ol . * 
3U#I> AJt C~J apj^ JI t^l If-iJ SjSUl JI SJb-^l SjT 

(^j. 63. 12) 

.iveljUl OLU* .59.12 
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^ . Q (*n) <Jte*J <?6X SijJ^ 5*jJf dJJi 

JLJj*- Ubi* {«„} IJbdl ^l>c-.l Lu£r ^lyU At 
2_l>s-l 1^ tiJtjT iJbu {A,*;} {*;} 

• >*j i {(A, + A ? )*;} .&-»» i iJijp 

err 1 * ,J ^' 

. Jit JJA (Aj^Jkl b 

oil tUiil ijJ^£ B<? jt 4 <?g'X SjjJ^ i*y? jc*; dlSj JujjJ 
<J>4 i£>-l . AB c& 4<y»l>* ^ ABC 

ap^^I Jyft JUL, iJLjS' AJbi. Jl AJtjS" 5Jbi. JS" B yjU 
. \Jaj\ ju> - yj^ BA j^i ^^Utfl JL* <ui ifrj^f Jl A<? X^>\ jX\ <u£ 

i -49. 12 J^JaJ UuS^j v E = A A -1 '^1 jl JJUi 

O^j A n j5> m = 1, 2, . . .JT J*l ^ bjJ JIT lil . i 

jj> A jli || A-A.ll A y> boJ 

<?^) KQ ls.j^i\ jli e>0 J>-l ^ ol ciAii 

S*y? (|| A — A„ ||< e) s | x |< r S ^ J SljS^ iuLT Si jji^ 5* y? 
jl dJUi ^ . A<? apj*>JII J»-l SSLi _ 8 r Jii «ui 
.^l> A ^JJU j|j (59.3) C ^ 

>t ^lj^ ^> JLfc .69. 12 

oli JS" Jli X ^UL »Ui J ,y l> y> Jjj. I ^ . ilk y . \ 

.Sib*. Sjli JuJ 

JL»-y -Ul ^1 A ^1 ^il yjJU iJli i*J X ^ScJ . 0l» ^Jl 
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. (A~kE)x n = q n -+.() d^si 0< C-^l**!' x u x z , . ■ ■ 3Jlsu 
L-jvJ» 5_JLiU t {Aar„} A_Pj_*>«II ^Ij-J 4_JL J-aaj t A>- 

*4aJI J a-jI^: A^n ft 5_»ti!iU Oj-& £-^*r »i» "2» • • • 

i z Jl Lsil ^n h = Ax„ — g„ : i_Jl^| Jjp jjj^ . 2 = limAa; n . 

v ft-*oo * 

: X^=0 j^SUI^ 4 ^. |z| = lim|^c nk l>|X|C>0 

SljLJll Jl JUL J^aJ t z= limAa: nji = (lA)Az t limx„ fe = zA 

iJljJI ^aJI <y <ci* iO* y JS\ (0< c 
J__2i A j_?J oJU 3_Jb \cJ Ki, X 2 , . . . j_£J . jLa ^Jl 

: Jljdl Jp U Uil >l V ,JlJI 3*^' Ci - *«• • 0^ • \K\> C 
3Jli jriJ olJJI itA^I jl .ra = 1, 2, . Ae n = Ke n 

L n _ t J»3U JUAll j|i dbilj 51. 12) Iiai- iAJbi 

A*ti!jU L n ^jkil JdkJS Jli ^j*. »Ua «j, . . ., e n _i itibU 
L n B K J - 63. 12 5il»yJI c^*- t Jl^-jj . «i, • . ., e n 

U^X . L„_j 9 x JT J>-l yl A. - « I > 1/2 j | | = 1: JS* 
. oJxp L>-U . L n _j 3x0 <^>- fe„ = x + a« n 
Ahn = A (*„ + <z* n ) = Aa;o + aV» = Ax + K (K - *o) = 

= (AX - KXo) + KJl n . 
' ^- Afen-1 "f" ^n#o — AXq £ Ln-l ' ^ ^ 

I Afe„ — A/ln-j I = I {Ax — k n X — Afe n _j) + X n ftn | = 

= I ^71 1 fen — -p^-[-(Afe n _ 1 + X»x — Aa; )|>| 

.3U»jdl ol*y ^1 .a u^lj^" u**ki I-^j • A\ 
JT £jU- X *Ui J A jJ> JJu^l . 4i)?y . ;> 
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Jtfj-i.uUiJI J*Uu ^ O JJ* ^ j£\ (o<cvi^) |A,|<c 

£iU <JbJbj ii JiJffjdl t. — »■ oibw iJli A*J ^ jil . 29. 12) 

-> Jo I — Ul »jd j . JUUI 4_iL>- Jp JoLUI ^ 4-^ iJufr 

o~ JiTj; . iLt^dl a y>JJ js* l r l * • • •» ^ 

jij £^ Uo I >c \ ~h ^ ^r^ 1 J jJ • | x | < r. 

JoLiJI J»> S_k2J 4_>l J-jLko ol ij jJlj cAJaJI 4iU- Jl JuJuP 

4^ «, =r 3li*>Jt c~->- i ^jai M | X |< c ^1 £jU* JIT U . a 

ci.Jft.ll JoUJ ^ y jSd; <Lili J*lU ^ <U^i iJk*. 

J .A* t-JUe> t)l cUJ jj . l t X^j_jkl ^^aiUsJI ydl c—~9- 

j jJ> aJU J JlC ilaiJI jl .3ju»-jJI JuljjJI ikD jA 

£j5jj^b C«J) (-*- - 59.12) oUaJI 0* ^ ^ ^ 
1^ -. J j^JJ 3LLU J£^i OJ*il tf>^ Ul i V'f 

Tl-VOO * , 

5JU J jijll IJUb JJU L.I <r ^j oyUI ^ A (1 - 38. 12) 

J 0^5 /»0^"U> A m = J** 3 ^iJl |j jlp Jiy Ai> Jju *Uii 
^ law* IL^j e_yUI ^>J* <UJJ ^jufi j O Jlaj ^i *Udi 
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!j* jJJ jh**«J yii\ ^JS- yy <Lj jli ^jf^JU jS" J*JI J^C* 

.(l) 5Jlj i—ljj 



cH 9 ' J* 9 J}i (^faJI dL^JI . 79. 12 



oJu* jl Lc t A <j*!> ^ S A ^-^r^ 1 j* ^ k=£0 j£J . I 



*LiiJI jl . 39. 12 J-JaJ _ 69. 12 



j i>iii» jjA>*r ji*'-**' j^V* f^H? J' «2JL^LJI jujll* JJL X 

jl . X ikiJI IJlp 5 a ^ @ x j <uJe dj^-ij JaiiA, 

Ol U ' Q % j p x jwjfl Oi' 1 "^ 1 ^ <i A jijU 

jl diJi ^« . P K J v_iSJI JJL a 0l» i\ J A cjLkl L? *~.V 
A, =^ O^laiJ JS" jli JULj .(>-- 59. 12) a^. u*j ji p x *LkiJl 

61 Jl »jLiMI 4<Ci* oJuu _/jC^ *bl LJj>- *Ua* *-9 j*j A iJU» 

1 J ij-jJU Ju*-j Jj>- (E — fiA)a: = y ibUJd jj& jl U : ^ 
!5U(E — |iA) a;= 0: <~Jls»«sJL1 ibUll J-aj" jl UIj 4 y £X ^ U-* 

jsu . = o uxp ia^i ^ jj^ii xjlu ji ^1^1 ^ .oUjji 

&ilSU(E — fj,A) a: = # aJ^UH j j& j£~>- * A, = 1/ju. J fi =^ jil 



JJLj A -a,E jli A jJJUJU* Jl ^ lil .(A— XE) a: =— aJjUJU 

cJJp Jl % ^1 lil Ul t A, >JI J Jj^l aJULI JSpo" JUL, UUJI 
Jp J-<aij (>- - 69.12)X ^fc jSl A J iJli <*J A jli A 
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Ol* A _A>M ,j^>^r Jd ^J 1 ^ Ob \j&J>j 

.(13 ^iJI iiu*l> iuLT Sy U ^1 OljJjll ^) wUU 
I j^u^ LjJU- l*yl" g (s, <) j£J . Jal&JI (IjJtjji ^J-o . 89 . 12 
: J*l&J1 Ji£ . la, b] Jl>»AI J t 3 s ur^^>- JtJ^ 

J* Uji liyw bub" [ a , ft] Jp j£~a x (t) ^ JT ^ 
jjiu (l) jji-jJI o' ^J^' (>• -18.9 J-a«j Ij^i-^j [a, b] 
^Ijdl ^ ua!>U C s [ a , ft] *UiJI J y = Ax Uai- ljS> 

.11*11= sup I x (f) I ^ iL - J . [a, 6] J* S J-^- il ^.J-S*" 

:5^>-ljdl ^ pZj .ij^iji jJj* II* ^j^-J - 93.12) 

\ 

6 

St 

|*WI<sup|*<*)| j| 9 ( S) 

a 

• ||« || = sup \x(t) |<r C*[o,6J9Q 
y (0 - y (O I < sup | * (<) | j | q (s, t')-q (s, t") I 

a 

^ sup I x (t) I (8) (6 — a), 
0),(8)- sup \q(s,t')-q(s,t")\ 

: y (t) ^l^U ©„ (5) ^l^jsii JfcJI jjOiJI dUi ^ 
a, (6) = sup \y (t')—y (f) | < rco, (6) (6 - a) 
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limo) y (6) = o oil <. lim <o q (5) = : 7 /) 

'c^ ( > A jJjll 01* JUbj HjO* £7' (a, J 5 " cH 0* 




J>y J^l ^ 79. 12 _ 69. 12 UUaJI JT a»w Oil ^^licuJ 
-jdt (<-j - 79. 12) ^jJ^jji *»«-^ <Utf U- iivaj jJjji 

: jui jsisji obi^ji au.i J 

: 2UiUJLJ 

X (t) — V ^ q(s, t)x(s)ds = y(t) 

a 

UuL- q (s , ,) jSJ . J-l£JI ^> . 99. 12 

: J-lScJt ciJbai . ft] JUII jjJu j j js 

z(t) = [Vx) t)x(s)ds 

a 

I J,l£dJ b C^bl 0^" J (1)89.12 J,l£dl ^ 
i( 1)99. 12 J JLM \$ cJy* y( t ) gUl 01 . t 
JmII V JriLl jjjll .(I _ 68.9) [a,b] J 

ji> 0J .(Volterra) IjrCJji (l) jji-jJL 
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( 2 ) Vj; (t) 3 j g ( s> <) ^ (,) ds = Kxq {t) 

a 

aJLU VJ-^ cT^ #o (a) = 003>i Xr (a) = 0-^ t = a 

J( *UJ L£x a J yii J^jJJMJm j& <jl ) [a, 6] Jl*JW CS 

J=r» Cr 4 f-^ ^-m(8)== sup I x (t) iftUI 61* JUL, . ( J-l^=J» 
SjLiMI 0<6j^ Jf» y • Jt Jj>.J o<8 

( 2) <y u"Ml . | z (*«) I = m (6)^r [a, a ' M 9^ ^ Jl 

:JU1 jjJLiJI J* 
I (fc) H | M * <«>< a max +6 , , (s) , . j | g t) , , s<cfi/n 

C = 8UP|?(«,«)|. 1 " 



jl. /n (8) J* U~i ty 



IX |<c8 

[E — |iV] = * (*) — »* J?(*. t)x(s)ds = y(t) 

x (0 = (E - jaV)" 1 y (t) = 

= V it) + jiVy (0 + fi 8 V 2 y (0 + . . . + v»V»y (/) + ... 
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U,i r,cJ>J ( B jr j^i j,) v" jJju oi J* oUjJi u^x 

: jj^-jJI ^jjJcJL l^L»>- Ira " .... t q n (s, £) 

t 

O^iL^cJJ 4-J,J»7 5Ji*l ^USUI ^Ju J of 4(15) t&L. j ) 

ft 

lim / (x) = : 

|x|->0o 

P (/, f) = sup I / (*) _ g ( X ) 1 
i_A*ai JpoijJ^IIjo j>* cjUjil ) if* (0, 00) *Uiill(J^P. 2 

S U> iPjjf ( II x (f)\\ = sup I a: (t) I 15 ->J^ °< x < oopAiJll 

J-Jfl ^ l,x a CO - W If >. 1 1 'I X «W II = 1 ^ *a (<) £i'j=N 

i>l i?« (0, 00) frUaiJi j -^>-y^ villi ^ :<Uas>-Ma 
F(y)= J y{x)dx— \ y(x)dx 



1/2 



jS" F(<() Jp^II jJ-i <jl OJI 4 (0, 1) *UaJ! J S_ 
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JT J*-l IJli (1.34.12) ^jlji. JfcUy Jl jLu .4 

0* X J jjIaJI jl C~JI . XlS*?^ *^ u* y J x 0j*l*^ 

(*• f) = X<H* + f H 2 ~ll*-F II 2 ) 

ij LjJLJI oiUUI oli p(z) jjjJ-I ol^ jj^-p o^U.* 

• II j» («) |T= max | p (z) | jjliiJli ajjU i = { z: | z | < 1} 
25. 12 jji- Q >ll J* 0ck2J JS" Jmsajj 1 jyfl Ul* 

• Qu*J*^ 5 j.» i Jll 3jJlS*JI ^IjJI 

iiljll (<£> *Ui <? ) R , (Q) 
UIm apjJt Jp ^aUI gUI ^jU ^jl Rs( Q) }f {x) 

U»l> q Olf lil *j\ cJI . i?. (<?) J jli.. Jit. (jd f 
. 9.3 f J^ 1 J* i(F) R> W)=>i 3^ J^* 

P) ^l>i j* <uJ_^« ps (Q) id jl j^i^MI AjjL^o apLs^ t jl ^9 yj, . 7 

>■ _ 67. 12 jwjJ 5^ Jisi ii^i^. r = || tkni || ^^SoJ . 8 

.SjI^ - x U> vl*~J i n SJl^ — l j l jjijjtili xJ. 

: JUII Uj£j ^ iJITj ^jJjJ> lim || T„ || = 1 Jl C-JI . 9 

n-foo 

[lim x, lim »] Jl^l J by* (67. 12) I]im T„ <*), Hm T„ (*)] 

. , = (ii, | 2 , . . .) iWi 
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Jp 5 / ( z ) aj.x£*JI ^IjJI JS" j«r c = c (Q) J&J . H 

' y^gtjsJI j«r Z (j^Jj (ibJLI Jj^U) | « | = 1 OjJUJ 1 

: Ol CJI . || q, || = 9U p | <p (z) | (C 1 ^ 1 



3 jiloJI _j* t c ftU^iJI (J z <J t-J jnaII ^J^» j*j 1 A jjjil (_jJ» (>■ 
i I « I < 1 u^^ 1 Z *U*aJI J jJji! (j-iJ ciJ» Ul H'l = i 

^Jj-dJ < U .«. « . U 5JIJJI ^2JI UJlp-j ^ I z J = 1 .^>aJI ul» diS'i ojbj 

. Z <J A 

^-Jj «. z jJ-\ t-JiiU Jj15 jJ-l J fc_JL5U Jj15 z ^p-auJI (i 

zjsftjJI aJI <£iJI tJjiJLI J 4-^1 Jj> ifijJr Q ^ScJ . 11 

. Q 5p Jp S j-oJll LjJuJI ^1 jsJI JS" c = c« «)) : O^J j 

. ^ Sp j*^>iJLI y» <uJo z j » jjJ-« o\ viwl 

^Tj x *Ui J A ^ A > J^l ^ ^ ^ . 12 

jijll laJo J*UJ ul Jp Cjty. .^j* ,p (A) jijll 01 1 p W 

(ijLS") SjS d A jjj^ Jj>-| ^ iJIS ljJuy 01 Cwl , 13 

O^fb" J»-l j> CJI . -i+-l = i. 1 9 >i t „ >4 aSJ .14 
1 a < i < 6 JUf Jp ^JaaXj y (t) J x (t) 

:( Holder) jjJ^a A>%>-\Jut 

164 



www.alkottob.com 



• V / b q / b 

|Jx(OirW*|<|/ J|*(*)l»*|/ |i»wi«*. 

:5**-ljUI 4 14 frj*^ jl^lf • 15 

y )\'(t)+y(t)\Pd t< y y t *(t)\pjt+y fuwip* 

J»-l ja tC-SI . i_ + _L =1 } ?>i } />>i <j£J . 16 
rj-U^A 4 » = {%,..., T|n) J * = {Ei, !»} 

I . | bn*|<]/ 2 l^l p -l/|] |ti*|« 

4***-^ 4 y = {r) k } J i^*^ 1 jI~aLj . 17 

]/ 2 i^+%i p <l/ 2 ie*M-i7 2 i^i p 



• P > 1 J^ 1 CS 

oi^ u- r L " ( A - 33 - 12 ) fp tW^ 1 <j' J* 4>*^ • 18 



SJLlij *i j»a (re = l, 2, . . .) x n (t) aJUx* LjjJ .19 

4loljJ SJbi* • J 1 ^ J* JUtijU 




J* ^IkJL iUjl&U (m = 1, 2, . . .) Xnjt) *J\ZL> £>«S-I 

iW(t) iJfcl* JTlj^j m oo U a < t < 6 JUII 

dJbll Ji£ ^ (»- _ 33.12) j,,,^ U£JI ol CJI .20 

. OIS" oi >- - 13. 12 
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gljXl! jlj-i-l »-iko" V 42. 12 JL^kJ ^ >l iw dJU . 21 

oji*j . q 4*jJ? (*iLi a-LIaJI x{t) 

4li~*\jj if- 1^1 oJl* jJp 5iL>» J>-J^ ip^>" *Uai j lf«J> t q <LLS" 

P (0) =>£ O^" . p (x, y) = sup p (x (t), y (/)) : jji— xJl 

Qu ■ ■ Q n V>f 1 vl'U^^I -C^i JOP Jl (? It-y^M 

• e Qu . . ., Q n 
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l 20 djSS\ iuljuj 19 j jiJl jl j J-JL>eJU 4 r .L,^l oLJl ojjj 
js- oU^Ldlj ^Jtdl ^ JJU ij* JJL>«dt J £*st l>xs- SS* j 

j_S^J( 1846 ) Grassmann <jL-.lj_p- ju* (^j-juJ* « jjip ^Sl ^ jLJU ) 

( 1888 )Peano.ybj J^* « JjM O j^b o.ij>*il LpUAJI oULiiJl 
^ OLjvyJI J*>U- UUajl J o j*i-4l '^IjJI OULii 5jjlaj Oj^kJ 

' ^djj' ^ij^j (^«— ^ <j?" ; S ^ t .:^ ^IjJ •^3j~ J , 

j\) <-<jjti <J «\jLS.jj AjJH U .1883 Jj^ JjSL-l 

i 1870 o!>LJ ijjj-l Ol^iT ikJjj Sj^uJll ^lyjl (ojli. 

.1936 Oji- (35.12 _ 25.12 l^^xo plS 

ola> C^liiJ VV^ 1 ^^UiiJI JUob 3JLJU 3JL>- 11 
L^cJy (_s aJLoISoJI 5JasLI o^.sbdb <U*l>- i^lij ft L£JL iJU-jil 
If-liJ 1906 O jJla ^A.t.-iTl ( 1900) ^IjJuyj ( 1887) 

J-SLi .L^-jr 2_f »j S_JL-lS^Jt ol^JjJU 5j|jjl ^b i^lsLl JULlI 

JaJ^ aJUIScJI ol^ijlb Sibedl 2ULJII J?- jl JuJj \±* i. 
U> jf- 1907 E. Schmidt ti«*JL .1 |»Ji .Ol^Jjil oJla ^lyu 

JjUJI ^jil oli oUbiJU «(jjJLAI *Ui*JI i) J J^*j 

iijlaJ 1930 <JI^>- Von Neumann ob>_y <Jj*j OjZ** LiJl . £»^JJ 

Oljijll 2u^laJ jp-T ftLUb 1918 F. Riesy ^s^ij.u) ^IS 
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OUUoaJU ij>d\ iJujdS .(Sj^iJLI ^IjJI *Uaij wJL 
cHahn jU J^l J t 1922 Jl 1920 4JJ& dAJi UJi/JI 

a— jju (JU/LiiS"l .Wiener j* j 

*0-JiJj J^kJI J_j>- i< J^JI cUJi J \£ ^uUI JJbuU 

US' j i-jJdl oJla U> iiJUy ^il gSkJI of .(47. 12) jjfcdll 
IJ jJI 4JUJLI jli aIT JJLJi . [ 20 ] J oliJadl ^ \j^S bo* 

JlLa Cj jjjLa J*a>- . J jd~A *Uai j Ol ^JlL jLcJ SjjSJI j <UU>I ^HiJI 
i-JiluJI Oljj'jJU ^jkiJI J./.0.-.U iULf 1911 _ 1906 

Ol j—JjH Jl JUtJ^II L^l j\ 4—**>\ Jit (5-^ ^Ij) 

i»-J Oli 0*; jJI JjMl V > i >*iJ^ i ij^ULdt 

Jl (keldych ^l-jJlTj LivchiU j~^L) i^— L.U ikJj^'i) 
i^c-l jjJI jliJl oil Obl jjl aJU.1 J* ^U»JU .oLujVI >ljl 

• [5] j [4] 

CiiJl oii JjMl IfJaL, ^ fjtt ^ jjl 4 Jt .Jt-.-JI jjj-l ijlij W 
U UijP [8] j [3] fjj 4 1939 _ 1937 JtiU jjUJU- cJ> j* 

4JUI UJa, JJU^ ^ ^1 jl .( 1755 k~ « J^Udl V UU ^Id) 

^!>L<»I Oli ^ OlS" .UjU*l ^jla jJ SjipLdl J>»!>LJU ^JLJI ^ 
y SjlpULI J-OUIj oUtull 4*L> SJd c Juol <JI (1821) J±£ 
*j\juj 19 o jiJl >-IjI J oUbdl ^J- AljOJ-l \JaA\ CJ jSJ . JJUdl 
j-S^ .(1911 >^JLj-J 4 19.2 ^j-Jjjjj , 1880 jil>--.) 20 OjiJI 
.(21) J^U- ,y Ohl^JI l|sJU Jp cJ^cJI »^jUUJ 
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13 J^iJl 



JJ* Jp JiJI lju> £LJI JIT 
oLJj-SL- i^ULS" J_a-..JIU dii 



i(l795) O^MI 
Pierre-Simon Laplace 



illol j <_i>jUj 1. 13 § 



t » = «(«) ^LJ IL-^dL, UjL*, lil J . li. n 

Irli c^UI 111 (5JU o-j jI Jj^I VJ 1 «>•) l&A- 

J» J-r S u (t) ff ui ^ 01 • ijUUi* ibbu ^^--J 
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.aJaUI oil (.1*11 JJ-I J JT 4*y? LS «~J .ibWI aJJ, Uu* 

(1) u' (0 =0 (a<*<&) 

t^LpUi 5*J CJlT oj C-jUj t(»- - 54.7) Ajjop w (0 

B cLmoaJI J 2uJ "(*) oj B ^j^Jii *Uii <y CjI' j*ai* j 

:iJUUJI A^UJU fUJI JJ.I US .(J - 16.12) 

( 2 ) u'(t)=g(t) 

« (0 = j £ ("0 + const 
to 

j 23.9) £l&> g(t) Oj&L Ol (C^U C £~s-) 

"il SJULcJI oNiUll 61 (2) j (1) oVliil Cjw - 36 . 12 

^ ji t L^aJ Jp- ,jujcJ l-jI 4JI oJus-j AAJ_>iaj UjJU- 

.SJus-j qj*^ ( 2 ) j' C 1 ) J*" ^ 

(3) «'(i) = t(i,u(<)) 

pi aJI ^g^J ,^jJI B j^JaJI »UiAJI J SwJ ^L" d> (<, z) >L~>- 
Uxp 4iJljtf-j ^pj u(t) Jp- La J*LiJ . u(0 gfcjl 

. Jo** u (t ) Ojfcj 

jl J»jo . B »UaJI J « » ^ ( 3 ) J ^jk*; «jl Juiil . J 
u = u (t) : AibL J lf*S ^ B J j>^« iisiJ dJL* 
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SJaiJI 4_r^ 6 j-iLi u (t) ^UiJI Jix . ( a < it < b ) 
<4il J* u (<) ^U*Jl ^ j£r . j^ll 11* J> J* aT j^dll 

Jp Au 4* jiaiil AiLil A<-J iAf >»J ) o jj^il ikSjl *£■ js*> ^U-i 
Cf <~> Jai\ J*aj ( AiLil olfc aJ}U- 0*kS ^jjl A/ yjjl 

^UAJb C-t. fa, bBt JT Jj(.| ^ B9z ^U*, (3) aJjWI 
J aS" aLa; aT^p- o^IS *JI J* u (0 JJ-I ,Hfij . O z) 

^ tk' ' AiiJ. jr j aT>i ap^ ux* b »uiJi 

O (f, w) ^Ul jli laSUj . <!>(/, u) ^UjsJLJ iXlk. t B3u 

Ala&JI aS" ^p- AP jv- Jls-lj J5" ^^ju A»c£l Jap- t AlaJ- JS* J t-Sj<u 

aJjUI J>- Jsi . * J B .UAJI ^ u 7iaiii\ xp ^pcdl 

oLj>cII aJU-I olfc J ^j^-Jj tATj^cdl AkUU a^UJU oljUll (3) 



jilji . (3) SJiUJU ^Asi ^ ^-juL" i?ixB ^LsiAjl J luSu: 
. ( u 6 B 1 * 6 # 1 ) -ffi x B »UaJI J L^ju « = u (0 

jiUI <jli JbJbj . * + Jl t JiiJLI _jJcJH ^o 'Uxp 
^LJU ^jljJI J-.UU aJ1 Jp f+L (B = 3JLUI yu.| J u' (*) 
OL*Ui«V Jl c * + Jl < j> J&uJ Ljup u (0 j&cl\ ^1 
Jr .~JJ jli i^yLT B J#-l j A*UJI aJU-I J . JpI ^Jj J^ai\ J 

^»«lJU ^If u — u = u' (i ) — *o) jriiJll jl : }tflf ( _ s _ u« 

u' (t ) jIjuUI ij*— J i = t Q Jj».| y u = u {t) 

*UiAJI y (t Q , z ) aLaJ JS" Jup <D (i, z) ^Ul Jjju . Ljl j 

: Ifiu*** -ffi X B 

( 4 ) u — z = O (< , * ) (« — *o) 
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o\ i la, b]Bt JT J^l t (3) aJjUI ULkJj 
« — laiJI J — ( 4 ) pa ^ JJ — L. ^-Lf u = u (t) ^ 

: SJ^UJLI B = R t *UwJI J J buT jCjC . i 

u' (t) = v (u) 

.u^-^ll olf^l J U15 Jujlj jIjiL. u gUiJi Sjbb 

. u ^ai) XP i> (a) ^l**JI j*. £Ui JjUsj vi^sS. # 2 ^ jiJLI 

jXa* J SjT^u SjSIj J> Jp 5S>- Jsr J*. JT ^1^1 ^ 
. ( 1. 13 ^^Jl ) o j5IjJI o jla Jai uua> Ljjj* ^ jLJ ap^wj oLJIju»-^I 



4JI 



u — z = v (z ) (t — t ) 




.(2.13 rj JI) 



2. 13 



13 ^1 
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(., { 



»;(0 = Oi(t, MO. - MO) 
»;(<) = <p„(«, MO, ...,M0) 

( 6 ) u (n) = o {tf u (<), u' (<),... , " (n ~ » (<)) 

.(3) Ja^JI ^ A^U* Jl 

:JS^JI ,y ibl*. jScJ .21. 13 
( 1 ) u' (t)=A (t) u(t) (a < t < 6) 

Ol ^jlJ^I j ^ jA» .<LJl>w> 3J.il** <UdUll a Ju» Ji* ^jo-.J 

^iJ* -4 (0 J^Ull Ob ^jjlp w (0 ^yjall ^Ul 

^jUJI Oj . L-iul 4— • >i*<« u o = u (to) A—*jiJl L-aiI ^j-ii . (Ja** 
c JIJ^MI JS* ^ ( 1 ) ibUJU ^Ju J>- u(0 =0 

js. !>u u (t) jir oi . ^ji-i j^s- ^>«jj . u o o\r ol 

: Jp t «(«) J* (1) ^JU Ujc* J^i . u (f) > 

'W _ 




K(<) _ [In u(t)]' = A(t) 

t : 
lnu(*) = j i4(T)dx-fC 
to 

^ ^^litiJI Juu ^JL ^l^U J t C = In u J* J*a^ < = <o 

V 2 > u(f) = e'° u 
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jLc, V (l) JlbUJU ^ J*aJL Jsx (2) ol S^L* J^tdt j£x 
JT Jjfl ^ <Jj~ (2) JJ.I ol . »W SjLilf oMi 

jli oil . ( "o # ol^ ol ~&Z> ^1 J ^j) ta, 619* 

Co) = "o Jl^l ^1 tf-HI (2) jj-l JJu" ( 1) a'iUI 
: y» Ia*. j^l ( 2) JJ.I oU bC A h 4 <*) JlT lil 

(3) u(*) = e (1 -'° )A w<> 

:4JaWI Jl JjaJ . 31. 13 

( 1 ) »' (0 = A (0 u (0 (a < * < 6) 

^ t B *Uii J 1*3 ^Uti u (t) ol » _^l « j-» (j^jAjj 

JT >l ^ t jJa, J± j'y A(t) J.UI ol J>Ju 

ol . * -k~*^Jb jl jio Ajlj a~jL< J B tLUuJI ; [a, b] 9 ( 
.Ubw JlaaJ u (t) J* Ju^aJI o'^ li* jJU? ^ 21.13 J^JCL-I 



(2) 21 . 13 jcs^lJI Jl ^JL ^>la ^k^J Ul dili jj 

•(3) J 

^ jX- t * _j jJUi. ^ A (0 =A ^^Ll ol kljJI J Jo 

.91 .13 j oui yu-i 

_ 68.12 A J^Ji ^ e (t-«o)A ^ 

(2) g (*-to)A= y c-yA" 

n=0 

»UaiJI J i*J J^Ijj ^j*^- * JS" J*-' <>* J** <jl 
aUUi JttlAI £s . B J SijJ^Jll Ua-M OljJjU ^ JUjU L (B) 
: JJJi LJsjw t (66. 12) t J a-^JL "ijtf- IOp- (2) 

n=0 " . 

i \j£jt> j . w = u (* ) ^UiJI JJ.I II* Jaw i = « : J»-l ,y . ( 1 ) 
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J* ( 1 ) <LJl*wdl XJjUJU J*- UjjJ t ^ _^bu) u (<„) J>-l ^ 
(3) «(0 = « ( '-*» )A «(<fl) 

lil ^1) S_£, JUii!5U by> UuU 5(0 JIT li! .i&y 

jf >i ^ ' * <"<> * = 2- B " + l', ) -'"" •) ■ aw 

r^bJtJI ^Ul oli JUaAjU !>blS UU£ "bub" *(«) JIT, 

: LjjJ j JUiAMI l*iul JJL y{t)=B. (t) x (t) 
y' (t) = B (t) x' (t) + B' (0 « (<) 

g(t+At)x(t + A<)-B(f)s(t) :bj^J .olftjJI 

At 

UjdP B{t)~x'(t) Jl Jj>. ^1 ui>JI J Jj^l JbLI jl 
5' (*)*(<) J! JjjJ jUI Jj-I W _ j .47. 12) A«-*0 

'S*JLJI j^J (l)^UJJ ju^j (3) jl O^ll i>»jy 

(1) (1) JUjUJU ">U «(?) j£J .i,jJbu u(*„) 

Sk-ljj ^(O ^ IJuJl>- bub J>-Ju .iojJbui li (<o) 2u-iJI 

t4 ii j— .^r jl t u(f) = e«-<°*v(t) 4_i%JI 

J_2^ . 17 (f) = e-«-*o)A u (*) 

it' (t) = Ae<'- f o) a y ( f ) _|_ g(t-to) a y ' (j) = Ae('-'o) a y ( t ) 

: 41* j 

g(f-t0)Ay' (0=0 

rdJJi ^ . y'(<) = Jp J^L e-('-'o)A J VjM kJb 

v(t) = v (t Q ) = u (t ) 
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.^^lkU jMj t (3) J£iJI Jp ^jSj u(«) JJ.1 jli JUL, 
? » oO*y (^LJb- *Ui 5JU- j 31. 13 JJ.I OjSL- t-j-S" . 41. 13 

" (0 = S "a (<) 



fc=i 



"'(0= s »*w«* 



ft=l 



:i;JL, o"*bU» 5JLsr JSLi Jp u& (1)21.13 a-*U£JI ibbdlj 



du n (t) 



(0 

'^ = 8 »l"i(0+ •••+«»»*»(*) 

. u = u (0) JU/tft ^UiJI J* e' A jJjll 
5JU J i^j JSLi Jp OUT ^SU v ^lkU JJ.I jl Ca-j 

71. 12) ^ 5iyUJU jbjj*- ^-U «o SJLu/^l icJSJ UjUi-l 
:SJB Ui^l oJla Jix jJUi. ^ J^Ju .(^ _ 



(2) 

^-1 -Nl y^Ld > 



1 

1 



(3) 



a } -X] 



K, 1 



fj, .... /J* _j ^ ) 

:(2x2) JUlii CjJ^ll 
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(4) 



Oj -Tj 1 

X] aj 1 



.oj-Jtl <bUil jjj*- ^=jJLt O^U-I 
a il — ^ °12 • ■ • a in 

a 21 a 22 — ^ • • • a 2Jl 



= 



5JUU *l>rM!j 5JLUI .Ij^l Jl/Jl J* Jif t, j Cj 

.(^ _ 71 .12) XbUU oJlJ, 4JJJU11 jjJl^JJ 

tL^flAll ^-jU I LfrLnJl L'Jawj I ►LaaJI Iji* ^ ^Ui 

l—Jb—^l 5-^1 J-Jt^- ^1 J>_UJJ >-^_J .^Jyl\ 

-i (i^ 1 J* ( * = 1. • • m ) //• /j> */> 8J' h '}< 8j 

1} W. /J W. */ 0, */ «. *J M, «J W 
4 £_U£J» ^ Jjjll JuJt Ju^^JI ^ii.-5Ui »UuJI J A J£\ ijt 

(5) 




(2) 4J ,J J>f l-^ m .UAJL ^asi (pi 

... . 

:(j - 91. 12) L,jJ 



e ' 


te 3 


T" • 


fm-1 
' (m-l)l 







e 1 


*v . 


jm-2 
" (m-2)I 













M 
e J 
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(0 



(3) j (2x2) iJ' 3 ^ 1 c/'J-^ ^ • ^ 



e ' A = e <It 



COS tX — 


-sintxl 


sin tx 


cos fx 1 







(7) 

:(4) 



fej (t) = e ' [cos tx-hj + sin f x-gj], 
gi (t) = e a< [ — sin tx-h } + cos tx-gj] 



cos fx 
sin ft 



— sin tx t cos <x — f sin tx 

cos tx t sin tx t cos fx 

cos tx — sin fx 
sin tx 



JU _ 91. 12) L.jJ . i 



cos tx 
sin tx 



-sin tx 
cos tx 



(8) 



A) (f)=e of [cos xt.h)-\- sin xf.?5], 
(t) = e fft [ - sin xt . h) + cos xt • g)\, 



„ 



gJ , (t) = « Bl [; 



(m-1 i i 

jy-j (COS Tf • hj + sin Xt • gf) + . . . 

. . . + cos xt • h f + sin xt ■ gf\, 

tm~l i i 

(— sin xt-hj + cos xt-gj)+ . ■ ■ 



.(n»-l)l 

,..+(— sin xt.hf + cos xt-gf)~^ . 

*UiAJI J ( 1)21. 13 ^iUJlS Uliiij IstfU- ^ » UliJl US" . 51. 13 
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aJI SL-JL (1)21.13 ibUU ji.b j^JJI *„...,*„ J^^l 
••^ .(v3Uiljb-l)LJL LyU » 5k-ljj 4(1)41. 13 3LJ.I Kjt 

" n „ 

= *=1 fc— 4 

J - JB v-/ -n. 

=1 

3=2«fc«*. *j=S«l*«*. «s=S"i k ik 



n 



*=1 

n 



J! *jw-s u<o=s •*'<*>.* 



/,(o=^/y =«v 2 u/ftek = 2 «M (0 



: 



(1) 



u Jh (t) = e^ t u Jk 



(2) -J»W=. V [ 1 ^«J lk +...+ B } h ], 



(3) 



vjh (t)=e"i [cosTjt-vjk + sinxjt-i 
w jh (t) = °f I — sin Tyt • v ]h + cos T 



( 4 ) (t) = ^ [ (»-!)' I (C ° S T ^ ,p J*+ 8in ^'""M + • • • 

... +(cosTj-i-t^ fe + sin t^.u)| fe )J , 

... +(-sin T^-^ ft + cosT^.«;| h )J . 



OU^dl i-lji J (8)-(5)41. 31 ^JLjJI fUic-l j£x .61.13 

Jl^l j-ouw ,uoo U tijLSil L^T jJL j « = i» (/) SJUlScJI 

. i _ 11. 13 jwijl 

JJ-l uli (1 - 41.13) fj J*J» ^ JUjI ^Ui . J 

UUJL Ulj fy = o U /j, CjfcJt £l*£Jl Ul ^jlw /,(<) 
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bl .(2)41. 13 5;Ui m aJju ^iu M ^Jj>- tLsiiJ 

:JJ.I J* J-** (6)41.13 J <d ji\y\\ jji-jJI LUi-l 

W L(*-l)l 7 > ' (*-2)l + h + '>J 

^UiJI jAj t <d Jil^ll (J^l^J' (^^UJU ^UiJI _^a2Jl o' (J y 

£_« y Si, $ £L*£JI 4_JIjl5j^I Ua*JJI J J_jlk> j^jjl 

^ U /j -1 . '• • f) itTW Jij IS J,\ OU oLJIj^I 

lil .S^k^i! ^ £-*aJ ^U-iJI Jij i-S'jil ol* 4j\JSj \ jS * 

jJ~Aa ,y» t t-»- oo Jj>-I t JkC-j ^ji^^l jl» *> 1 <. kj>0 dS 

^UiJU Ujly SjI^jJI J (JUii^L villi if j) <u,Ur 

jJua* JjcJ jdl "S j^cit ikSJI jv- ol» = o Jj»-I . /)■ 

jJl*a.« (, (-+ oo U, 4 jju_ ^ji^jJll o jJlS jjj OLJIjL>-*ill 

jJua* J t t^jJI jJ^J^ 3*j J>\ ^ ^oLJIji»-MI 

. /J ^UiJU ^1 Ik, 

^jjj*- *Uo* j gj j] hj ^Ui u (t ) ^I-UjMI ^UiJI jl ijfi . S* 

j UUjCpI US' (2x2) iJtaj_p- Jiljj 4 # 2 : 2 «Jl»u t ^Jcu M 
j pMjt u(t) JJ-I ol (7)41. 13 ^juL-jJI jtXf C^f .(>■ - 41. 13) 
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ji h) juj^t ^ UU-i u(t ) ^Ijc^M ^UaJI oi . a 

j U (t) JJ-I ^ JJjd*. .(a _ 41. 13 J l«J jliJH) 

jij oLS> So* «(to) £UiU l^i j^, jjl 2L.UJI XJU-I J 

• 

o-^J! ^ ll» r.l .. ibU* JLbT ^ . 71. 13 

( 1 ) y (n) (0 =« 4 (0 y W + • • • + «n (0 j/ (n - J > («) 

£fy. Jj^ 1 V^ 1 a* J* 



(2) 



(3) 



y (t) = »i W, j/' (0 -02 ■(*), '• • i^-" («) = u» (0 



' u\(t) = Uz 




b u; (<) = a 1 (*) u, (/) 4-a 2 (<) (t) + . . . +a n (t) u n (t) 

(3) *L*JU (u, (0, . . ., u n (*)) > JT oli ttr ^bj 
j( 2) ^jJl-jJi c-—*- <Jliii-»j y (/) = uy (t) j^wcj j 
.(1) ibUI y(t) ff tdl jl (3) XJjUI 

• ) "n W = «n ' • • • ' «i(() = «i 
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^UU- c^y&J. a j£\ UjLA ol .41.13 g3bJt jJa; (cjy 

1 ... '0 
1 ... 

o b 'o' 'o ' i 

a l a z a 3 • ■ . a n 



4 = 



LijJ . A iJli 



j=i t 

2* in oLJIj^I t ji A/=v 



"ill + "zh + "ah + ■ ■ ■ + «nSn = A|« 

:JI>JI J* -XsC ii = l 

Ei = l, 6i=*. ga=W, B» = Xn-i 



(4) 



. ( ft = o, i B ) A" f <*» 



oJup-j ~&J<aj J» j*a jt» JUbj ( i, K A*, • • ., X"- 1 ) 

(.[6 JmmJI il4] jjJll UijJ^ ^ J,lk. 
t{ 3) 5JUj>JJ AAhiij 'Ju^U- *>U « lots' ^SLc 41. 13. 13 J UJe> 
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:(2) jJUxJI v 
(5) 



Uyj (t) = liy,/' 



(6) 



(7) 



i m 



J wy (<) = /-' t [t;y I cosT 7 - 



/4 «Vi sinTy*], 
vjisinrjt-^-wji cos t /it 



(«) 



v) (t) = [(~ri)T ("i cos T ^ + sin ^0 + • • • 
...+(p|cosxy«+u;jsiiiTy<)J, s^ = l my, 

• ••+(-!>; sinTyi + u^cosTyt)], sj = l, my, 
. m j 4ipUaJ A,y = ay + itj j^r Jsrl ,y ljufcj 

UJli SJaiU V'j^* u^*^ J"*^ 1 JjJ^-l Lx.-^* .81. 13 

. Xy Ja^ ,JLJi>- jJls»- Jj>-I e^' JJ»i L»jJ ( I 



c Xy = Oy±iTy j^kjW i^jJl-A* J-jjJl^ J-S" Js-I ( ^ 

e 1 cos Tyi, e 1 sinryf 



a, J 



e' 1 ' cosijt, e" ] "smx)t, te'^cosxjt, te"^ sin xy«, ... 
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J A(f) jjjll l«J 0^, j}\ iiUJI aJU-I 0^1 JjLJ .91.13 

^ j j u' (t) = A (t) u(t) (a < t < 6) 

:(2)21.13 

! A (T) dt 

u (t) = e'o u 

:SjL*JI |f W(«)= f A(x)dx J 5 ^ 5 J ' J ' 1 

J t 

y a (x) dt 

jUiii u,u lii ui dus .(i) y^uju c~j Uj** 

SljLit (UkiJ ^SUll 

e W (<)+AA (t ; i+A) _ C W (t) ghA. (t; t+h) 
e W — gW (t) = e W <«)+AA (t; t+h) _ e W (t) 

J»-| A(x) ^JJU 5k-^ll l*-iJU y*j, A(t; t + h) £~>- 
j A JoU, ^ 

Oil i.UM J O^aUi VAit; t + h) ' w (<) jj . B. 

«w(*>w'(0 J L,L- Uj^p ^ «ww> jtf 

.c^ ^ t (2) SjUJI jUpI ^ dUi j, ^1 J* 

.^>JI J-IS^JI r _^i> ^ .(l) SfcUJJ 

SJ Ja£ n = <a = to < So < *, < i, < . . . < tn = t} ^ 
: jJjUJ-^flj . E, En-i 3LJULI l^Uu i «<t<< jVJU 

( 3 ) ^A(Sn-l)A*n-i e A(En-l)A*n-» , _ _ ^(S^Ato 

jjjll (I* £*j (Ukie c J»-i j-ACC) 'OljJjll cJaU lit 
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e A(| )Ato+ . • • +A(|n-i)A(„_, 

U J A(t>*T 5 ,1 jJl Jl s ^1 Sjl .*Jl Jjj ; 

i a (|) J jL; ^jlp SJU- J i ^ui . ( 1 ) UaUJU !>U Jic M t A (|) 
i(II) J*^ (3) Up J-^il 4jLii £s JJ-I o> 

lulfJl jJjll 111 .(16 jij-Jt iuj-Ij) Jl 



(4) $ 

•v^J - *" J-* 1 ^ 1 cs^-dJ 

e A(5 ' )At >«I+A(i,)A<, 
U-U J^ai (4) il^l ^-iJ 61 J* (14 ^iy^) oIajJI ^.i j 

:OUIjJ-l ^ jMkJ^b 
11+ A (|„_!) Ag„_ t ] [1+ A (£„_„) Ag„_ 2 ] . . . [1+ A (g ) A£ ] 

:_j tijMaJI J-»l^JJ UL*-I y J> t^^JI I Jut 
t 

n [i + a WW/ 

JU oi Ni .JjLU oljios; J iujjji o^UScJi Jl^i ^ 

.oijl^JI LLmoaJI J* OykljJI La ^jX 
. 0Ju>LaJI disJLJl AjjJaj . 2. 13 § 
iJlo>- jj J _p- ij-L.'bll oL^JaJl J-^aJI II* S-i J ju*; 
\j">'J* ^k^ 1 .Sibd' *X*UJI o^iUll J_^U 

. ojuLoJI ikiJI Ijua J^»^l J fl* ^JCJfc 

<^l cI^-jU J 4* oJuk j> liJaJ -4 j M jScJ . 12. 13 
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. M y = A{x) 5kij Mdx Alaii J-a. U ^Ul 

t 4~iJ Jl 4 J-JaJI Ujdt M 9 a: Ski? ^^o— J . 

. A J-JadJ oJuU» iki) 4 -4 (a;) = 

C*~J 1^1 <y j^PjJI J* ) oJuLo ik5J /* ^IfJ' <kSJ jU ( 3. 13 ^-jJI ) 

<j-Jj ijfcjiJI j^il t<r ;U«-J}U 4*~JL "ilj AjLidU a^-JL 

lj~J u <J o^Jb ^« J^Ja-"^ ji*J lit U! .(Ij-JI J_^_jJI AAjji? 

.2Ju»L* ikHJ JJb M Ajli A^jJ 90 Ojlj <jljji ik-l^j 





3.13 ^jjl 

. »Uai M jl . 22. 13 

J** tk 1 u* V UI v^ 1 o < e < i t e c-u a»- j 

•p(ii (y), ^ (z)) < 6p(y, z) 
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<J^ -(e^J (Picard) jlSLJ SX.UJI aUUI iju*) .ij^laj 
.Sjij^-jt oli iioAj <ujL< J M ^l; {gjj* *U«i -4 ( _ r aJiL« J-*Joj 

:i»UJ AJl^i* *o€M oLS - AkiJ <y t^^LJ . jlftjjl 

r t = 4 (x ), x z = A (xj) = 4 s (x ), . . ., x n =A (x n _i) - A n {x ), . . . 

P (*», = p (A n (*„), A n+1 (x )) < 
< 9p (A n ~i (*„), ,4" (*„)) < 6"p fa, *,) 

:oil 

P (x n , X n+P ) <p(x n , X n +l) + P (*n+l, £71+2) + . . . + P («n+'p-l. ^n+p) < 

< [0 » + 9 «+i + . . . + e"^" 1 ] p (x 0) a;,) < 

(!) <e n (i+e + e 2 + ...)p(^o, 2i) = iz- 9 p(% 

X = lim x n € M 
. n > 1 J»-l ^ LijJ .oJu«U» 5JaSJ x <j| C-iJ 

p (4 (*), X n ) = p(A(x),A (Xn-i)) < 6p (x, *„_i) 



.4 (a) = lim x„ = x 



,4 (y) = y j .4 (x) = x : y i-Jtf oJl»L* ilaiJ ^ jij 

: Ju.U* 



P (*, ») = P (A (x), A (y)) < 9p (x, y) 

Jl J^i p{x,y) Jp eljUll j5 -Ju p (x, y) #0 lil 

ikiJ jbfjJ * = y £\ p (x, y) = JUL, . 1 < 6 < 1 ^bdl 

187 



www.alkottob.com 



Q^jaJ ^ p J j_SJ . JyflJLis j-JLJfl^ OJ—aL-flJl JpLiJI . 32. 13 

lit C^'-^ - J M *^ t>* ^ (?) j -4 (y) 

p (Ji (J,), 5 (?)) < 8. 

M^l; ^Jit *Uk* J j^all. t^iJoJ B (y) j A (y) . iLb jj 

p (B (y), B (z)) < B p (y, z) , p (A (y), A (z)) < A p (y, z) 
oL_T til . 9 = max (9 A , 8 B ) t> _£J j t 9* < 1 1 A < 1 ^ — ^ 



UjUpL Io*j t 22. 13 *UJ^I y-*- B JjJadJ z :ioU)l 
( 1 ) 22. 13 h**r\ ji\ . J/o, ^ foo), A 2 (»o), • • • SJbslI 

P(y* B"WXjqjPto., 5(y ))= T ^p(^(y ), 5(y ))<i4e 

p(y , zoXrre 



j B .UaJI liJaJ <D (f, *) j ^UL *Ui B . 13. 13 
\ju\j u (t) . a ^ * ^ b it tJ 2-i>- Ja~- JAjCJ 

^ULBl^a: Q)(t,x) £W j lil . B *UaJI ^ 

188 



www.alkottob.com 



J JuJ <D It, u (t)] JuJl>- ^Ui, ^13 J* Jms^ w (0 ^UiJI 

fa, 61 9 < J*t"' 0* 4 B *bi*Jl 

(!) «' (0 = O U, i* (<)] 



1 " 
(2) «*(<o) = "o, a <*„<&, a eB 

( 2) J\xjV\ J>>DI ^ ( 1 ) aJULLJI <bUJJ £**J oj 

t 

(3) u(f) = Uo+ J«>[T, »(t)]*t 

to 

(2) Jlj t t Jl /o a* ( 2 ) J O) 0- ( 3 ) ^ 

IL-Jb JUii>b (3) ^(1) J* J^j t * = t >d^db (3) ^ 
. j_ U-H Sx,L^ ^aiJ ^l^JI Jl ilLil lj£*j . t J 

t 

(4) ^[x(0] = w + { <D[t, x(t)]dx 

to 

*(t) LpUJJI gljdl <y JUjU *UiJI J 

,^-bb _ jl£J SjuUJI ikUl Ijl- JLM 5*-Jaj J-ki Jj- .23. 13 
SJLib JJU ^ ^^i, jJoJj M ^ Qjjt »Ui jUpI Up dUi J^Sl 

.^j>il 

jjl 05(0 5j*iJLI J** <>• ^i* 1 •UAJ' M M 

Jl ^jJL- i Uo-h, f + A]--JU? J Xi^lj B J) Lf*J s? *iJ 

p[*i(*)> x 2 (t)]= max || 2i — (OH' 
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- 32 . 12) .Ui ZLjml\ oj^ aJp J-A>a! M. ^| »UiJ| ^| 

jji-Jb Ja*« t <L-iJ J M »UAJ| ^ .4 jj^i j| ^ e 33 13 

O&Jl <&(*,*) C UIJpl 4 ^ J i v *^IJ» J-r iJl c ^ > J.(4)l3.13 
<D (*> a;) J~kJI jl ^ jaJ 1 4**U- . UJL /I J~kJl uij^ 

^ 8 = 8 (f lt x t , e) J >-j ; t e > 

'II *t — *z II <60j— L-.Jl_* II 0) (< lf x 4 ) — O (*,, x 2 ) || < 8 
<D («,*(«)) ^UAJI^jUlOj^n^jiJI Ij^ . U t -( 2 |<6 

^ ^ 8 > » >*. ->fcJj x (f t ) = Xj ^« j I- * e > j *i 

1 II *i — *« N< 6 t «J ^ || <D (t it Xi) ~ O (t 2 , x 2 ) ||< e 

f jJi~. M, - t 2 |< 6, ^ 6 t > ^ vi^J . 1 1, _ * 2 j < 6 

J =H • 4 j — Ij — . II 21 ih) - x (t 2 ) || < 8 4 jUI 

II 1> * O (f„ x (* 2 )) ||< e : bjj t I *i — * 2 |< 

^ yu (^yili. jJaJ A ) 3ju.UiJI SJaiJI ^ j Ji>0 ^ ^ . 43. 13 
: C CjU Jl^-jj : j y^LJ ]» «i Jisi <D (t, x) -,bJI jl 

(1) ||0(*, x,) -<D(*, x 2 ) ||<C ||x, -x 2 || 

. B J x 2 j Xi j»j^s- JS" J»-l II* j 

-e*-^ A ck* 1 «>• 'J 5 ^ 1 J* ( 4 ) 13 - 13 oi 4^J 

j — y (t) j x (t) Oj-pL. 

: <jdj*-~~*J l*o — h, t + ft] 

( 2 ) p (4 [x (<)], 4 [y (t)]) = ( f m« ft || ^ [x (01 -4 [J/ (<)] || = 
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£ 



= max {<D (x, x (x)) - O (t, y (x))} dx 



<h max \\<D(t, x(t))-(&(t, y(*))||< 

l*-*oKA 

^ Ch ,. m ??J x ®- y w II = c/l P (*• ?)• 

• l/C> h J&i UajX* J-JaJI dj&t Jj*- 

i yrJ OLft jJU oJuUaJI 5kUI lju* J^la^ oVI bis- ^ . 53. 13 
d\ .(2)13.13 JIXjVI .UjJJI £ (1)13.13 J»- iJ ,J ^JJ 

^ <u£J U — h, t + h] Jp JaSi o^l J/- JJ-t li» 

A^kJI jJaJj = 2/(3C) i^iJI uvii JJJi ^ . [a, i] JUil 
. JLu^l J» jJJI jL*b (1)13.13 3JUUsJI aJjUI ^ Jp jJH 

*i = <o + A, »* (*i) = » 
U — h,t + h] Jp juiJLI JJ-I 2uJ ^ u 
JL^il Jp u* (<) j^j^. J| J_^j . * = h 

j »* (0 ol jw" JJ-I AJla>-j 01 {■ . ih—h, li + h] 

Uo - *o + 2^1 JUJLI Jp Xi^dl (3)13.13 ttaULJ* 

. [a, b] JUJI 




:5JUI JujJiJI Jp ^Vl j U*^ 

i£Bi a < < < fc J>-l liyw O (t, x) ^Ul olS" lil . ibjiaj 
a ^ £ ^ b JUJil JS" Jp £~<£jj tjijy*^ *p j*>>«-1 <L~Jb I 
( 2)13. 13 \> p ( 1)13. 13 5JiWI jli t ( 1)43. 13 y~LJ ]e> j±, 
• J Jus- j y>j [a, 6] JUJL1 JS" Jp li^** u = u (t) J^JL 

c [a, 61 9 « i x (0 JjUii^U iLUil LpU£JI ^l^sJI 
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. B »UuJI J L>J js-b jdl 

t ®(t, x) ^UiJI ghJI 1*J o_£i jJI ilU-l Jl ^ . 63. 13 
J 5j c= BbJU UU« Li j*- tUij jJaj t [a, 6] 9 t J^l 

. 3 = wo J»>U' J** J« (1)13.13 

JJ- La jaj . ^SlJCJ^I £ULU I j^lw) UyU A^Lfib Ji-I . 73. 13 

:_; (2)13. 13 ^ 'b ^1 J» £ . (l)l3. 13 4 bl «U 

£L*£JL; u 6 B ^L*i J_T J_*a, Ail . u (< ; to, u ) 

.{jtSJs- U**-^ t j t -f J^*~; cf^' 'o» "o) 

ol t J*-l j>» t 53. 13 lUjkJI ^ ji tCJJ 

. "o J gti < 0> u ) ^l*iJI. 

: |j\ o ■ . In" II jCju 



* 




<0 

t 



£[*(<)] = 1*1+ (<I»[T, *(T)]dT 



4 



i^JIj^^I ^UiJL (1)13.13 aJjUJU OUjuUJI Lahkii 
S-pUUI ^Ijdl ^ JUjll M ( UuJI J . JI>JI Jp u t 3 u 

4 h<i/C ^f- 4 fro — A, * + A] J* * j 4*^*11 x (t) 

:jl ^ lit . = Ch < 1 5 wjill ^^^Lj ? oLJLiaJ L/l 

jdl AiLil oli Oil ( 32 . 13 ) OjA-JalJI jjl* jl» I "o — Uj | < e 
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. ^ J>-\ « jLju . e /(l _ 0)jjUcj M (^JXiUaJl U~Ja£» J-aaJ 

j*w»l j^i e jy« ywl < = to Jut ,>JljU jju J j& lij I 

^ iJIXjNI ikiJI Uj^ bl . \t — t 9 |< ft : JUjJl'l J e/(l — 6) y 

j JJ.I JuJi Jp t 53. 13 j ^ cJ-Asi t t = t + h J| f 

j^l j' ^ aJL^ 1 jl i *o < *o + ft < * + 2ft : JUJLI 
Jl J^i aJUJI J^ly . e/(l - Q)*jj\>cj V JUdl IIa J ^JU-I 

:4s*»-l Jill 

max |«(«; t , u )-u(*; | , u^K-j^ 

■>u «(^) j us uujt Uo eB ^ . aju-t oiyjii .83.13' 

^UiJl ol . J\xj\ ±>jJS "(<o) = « J»>Ul ^ (1)13. 13 y^UJU 
• < € (a, b] J*" cM Sa ^J «* = »(<) 

u(<) = ^„("o) : <>- \f j& . t.'j to \jS 3 K -; 



.(1)13. 13 JLbUJJ 

u' (f) = Au (t) UJUdl Uail AJaUJJ JLU jijU Jli j 

:( 13. 13) JSLiJl J*- 

:5_*41 4_,J1 CJT lit Qj„ jJJU Ol 73. 13 . I 

t "o £UA Jl B *UuJI <y u D, u<2), . . . , . . . 
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Ul £l*£JI jl . k 2 = Q«J (« f ) 'j u t = Qll (u ) 

<£jJI JJ-I y»j f == * 4 JdP ( 1)13. 13 ibUJU u(f) JJ.I i*J j* 
J>-l <y t J^-l "2 £j*£JI L«l . t = f , jclp "o <u-£J' ai-L. 

JsU SJIj^-j . t = ui 2L-£jl jjX ^JJI t * == f 2 

jl ^vi £=:Qj°Qg id (I) j t 2=ato £fy. .* 

(2) £ ^M = A W [QUu o)] 



(3) ^- = A(OQ! 



: jl 

)_Amo' 

31 



• "o€B 

* € [a, 6] J*" Jfl 0* <D (*, *) £^1 01 . 93. 13 

J ( 1 ) 13. 13 <bbdl Js» aJIjl*- jj Jp ol*jJ' • * £ B J 

r^j oU^lj^l jl~*b (2)13.13 J^j^JI £. * *iaSu 
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^ ={*€B; ||*_.„ || <r} . 
gfc JT Jj* A jJjll ol» A;USy I^m* A glT lij (3JU.I «!* J 

t£jl\ »LmsaJI o^-J^i J^' V***"^ fJfJ J* oIajJI jlail j£c 

JUdl JT Jp jujuJI JJL ^ *U^* <uU JWI ol . V 

. « < / < b 

® (t, x) gfcJI t«J ^Jl 3JU-I j iULf iUbb 
J C Cobl i B »UAJI JT J i J>l ^ ijw-j 

|| (D (*, *,) - O (t, * 2 ) || < C (r) 1 1 Xl - x 2 || 
J ijprjA JJ.J jl . 11* ||<r Sjfll J z 2 J t)lT. 
t *o € la, b] i»JiiJ J jup- jj 4 lijT JUU y> ^ 4 ilUU si* 

la, b] Jb>i! SiU- JuJudl U j** JJL ^ <u£J 

JUJLI *'«)=-«•(«) 5JiL*il JLiU J-^ J* jC*; 

I *i - *1 I = I *i + x 2 I I x t — xi I < 2r I x t - x 2 I 
oA*-L j^jJI J^-UI d\ . \x{ < r Jb>ll j x 2 j *, cjlS" L>« lOAj 
: >* x(0) = x . JIxjNI J»>!Ji jU*L Sliull UdULI Js- 



»o 



1 — te 
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i^U-iJI o^bUil 4. 13 § 

:lul; n (jScJj ^y^Ub *Uii B (jSU . 14. 13 
<Di (f, as lt . . ., x n ), . . d> n (t, x u . . ., x n ) 

m 

^Jt*^ n -!J t 6 la, b] ts — S ^ — r-J— f U^ 4 J— ^ J '""i 
J IwJ (D ft (/, xj, . . ., Xn ) -^-L. i b ji-jJ *i. • • ., x n 



(1) 



u; (f) = <Dj (t, u u w n ), 

u;(*) = <D 2 (*, u lt u n ), 

u n (t) = G> n (t, Ut, u n ) „ 



( 2 ) Ui (t Q ) = Pi 6 B, . . ., u n (< ) = />„ 6 B, a < f < & 

: jr (2) aji^i (i) iu*iJ s> ^ ju-i ju-j^ 

.(2) J» J-r 5J! laTj (1) oNiU. JT JL£ 

A_*j_**Jl L-JL I j-o.'^ (D ft '(/, Xi , . . ., x n ) £->k <Jj&i 
t, x u . . ., x n Jjj.1 L£i lil t, *4, ...,«„ lOl^jJdl 
.OlS%Jl f_jli«J i^st 5 > iJ* iUI ^ t .e>o J 
|F— f l<8. — Si||<8> •••» \\xn — x n \\<6 

||<D k (7, xj, x n )-<D h (*, * lt a: n )||<e 



||<D*(f, x u .... x n )-0 ft (*, x n )\\<C 2 ||*,-*,|| 

3=1 
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i x u . . ., x n , x u . . ., x n :^>U*JI CUJlT 

. B *UiJI J ( 2n Uojip ^JUI 

: 5J U)l ^JaJI L.jJ . 24. 13 

i--— JL< j _ ^JLJ J» jsi JJi£j i t, x u . . x n Cj\ jfJci\ 5_p j-«j>L 
(2)14.13 i^jjsUL; (1)14.13 2UU-I *u • . x n Ol^Jculi 
^UJI JS" uiu* J ("i (0, . . ., u n (t)) JJu 

Xk-ljj UjliJl jSjf ,jJI • • ., x n (t)) 

^»U*JI <y t_iJjil B n IJl.Jl>- UJi; LpUJI *Ui t^^LJ . jJI 

dLS til 4 Jlj ^1 :LJ|JL»-I R n *U2uJl J JLsJiSU o<-^*J» 

m ID ** 

:ol» f = (^i y„) 6 B" J * = . . ., x n ) e B" 

* + y = (an + ifi, . . x n + y n ), 
ax = ((ZXj, . . OKCn). 

:(! J&JI B» 

(1) 111*111= Jl||*4- 

oUoUU j> i*J>f"j t B" *UuJI J pkJU 3uj!jUI oUtfULI ^ui«J 
•UuJI J ( 1 ) pkJL Vj Us« 01 . B »UuJt J 3u*UU U JL-UI 
-*UaJI jl I* . Lj^l . B »UaJI J J£J JL-JL vjl*^ 1 >* B" 

B* (jAsi Ipi JL^UU ^Ju Jp *J^f~J oUjJl ^kuJ t^UB 
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(2) 



Vl = G>1 (t, Xi, X n ), " 

y 2 = <b 2 (t, X u X„), 

Vn = O n *i, • • • , z n ) , 




01 C .4— *J J B n *U*iJI y = <D x) -^'j 

f_>k_J O ft (f, x u . . ., Xn ) gljdl Jj»- SijI^Jl oUil^iMI 

:01T lil ^ O ft (£, . . ., Xji) 

l«*-*III-2l|ii-*,||<a, 



0U 



= (xi, ...,*») j M — M < 8 



|| O, (f, X„)-0, (f, *„..., x„) || <-i- 



|||0(f, 5) = 
n 

= .S || x„ ...,* B )_<D,(/, ...,* B )||<e 

j^Uj j? Ol^jJcU i*j-»j>il <L «Jb <I) 0t* ti^J^J 

:0I Oft «, x„ . . ., *„) gl>dl J* JiJLJ ^ ^ 

|||0(*,x)-0(*,x)||| = 

n 

= S l|0;(i, x„ ...,£"„) — O^i.x,, ...,x n )||< 

i=i 

< S 2 C|| x~ h — Xft|| = C/z|||x-x|||, 
j—i ft=i 

. x "L~^L J~-i~J Jf Jiisi (D 01 

: aJu^ILJI ibWI 01 53.13 li_Jk3\ <jr~i 
( 3 ) «*' W = O (/, x) 
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( 4 ) »(*o)=P=(Pi Pn)6B n 

J -^J J *J * g la, b] cM u- u (t) Jjtf 

*UJI J j^b ^1 x (t) JUiipU SJLUJI UUUI ^I^JI oL** 

:oi;ycdJ UJ* toi If . B n 

u (0 = (i*! (t), ...,un (*)), a' (0 = (u; (o «; (0), 

<Lf I .^Kj u W ^b jp-l (4) J^iJL (3) U^ILJI ibbd! 
£ ;lj sfl J =>-l j « (2)14. 13 (.1)14. 13 

I . Wi (<), • • ., u n (t) 

J** cM »>■ 5,c:B J> »Ui J^-j lit . 34. 13 

4 Bi J! Pi, . . ., Pn aJIjcjVI = 1 re) 

> J** ci 31 «iW-...«„(/) ^Ijdl ^ oji 
t>» #i *UuJI Jl ^ ^ ; (2)14. 13 ijjwUb (1)14. 13 

• tela,b) $ >i 
= 4*^1 ^ JUJU 5? Jjfl .U*3I . B n J dJi A.jjJ 

• B t cz bJ^ ji ll v 1 -^ 1 lj*^" ^ x = •••.*») 

Jjki (2)24. 13 J^pcJI jl . fin J jU, 5? 01 6L'I J^JI 
Ol^ li[ 4 93.13 Uasgr^UI SU!^ Ju* tJULj J B? U>J 
: cH J ^> Oli 5?, Jl ( Pl , . . ., Pn ) £U*J« 
. v^Ul y>j 4 f 6 la, b] JS" J>l ("i (0 "n (0) 

. iJUJI j-e i^Uuill 5 13 § 

$ ('» . . ., x„) B v> UL . tUi Sj^ . 15. 13 

*UuJI art, . . ., z„ SiaSJ « J Ja f ^ 6. t J^**- Ja^jJ bub 

(1) u<»> (*) = <&(*, uWi ..., u (m-i) W) 

199 



www.alkottob.com 



(2) u(t )=Pi£B, u'(t )=p 2 eB, ...,u< m - 1 >(* ) = />m€B 

J ^SJ (2) ^ (1) JUaUll oLi *i. • • *m 

m JUii^U 5LUJI ^IjJI J£" J ^J^J u = u(t) 

. B J lf»J JLi-b j}Jl * (*) 
c/^UU ^ jc« (2) i»j>Ulj (l) <bUI Jl 5iU>b .ola jjl 

iUsJI 



(3) 



i4_ 1 (i) = Uni (<), 

l4(f) = 0(<, Ui(0, ...,«m(0). 
(4) Uj (< ) = Pi, • • ., «m Co) = Pm- 

l«JU J-Ai (1)14. 13 3u»U- aJU- (3) 01 

*i, • • • , x m ) = a: 2 , 
2 x u . . . , z m ) = a:,, 

( 5 ) 

On-lff, X|, . . . , x m ) = * m , 
<D m (t, x u . . . , x m ) = <D , x m ), 

<D h (f, * lf . . ., a; m ) (A = 1, . . ., /ra) 



i^-Jli ^^11 ^Ub Jbo Li Ul 4 m — l JLi^i j»-J/iM <D h 

JJu"(4) i»j>Ub (3) SLfl Oli t24. 13 Ai>JI SUI^jC t( Jt% 

200 



www.alkottob.com 



ibUii . u „ Ui ( t ) . Ul (t), . . u m {t). 

01 <_Jl_Jl Cjr^j i u' (t) = u 2 (0, 01 ( 3) 4_U.1I 

01 Lc .(1) ibUI uWs ^UAJI gbll jl loS^j 

JJJ aJpj .(2) J^jjviJI js* ^LJI II» jl» 4aa££ (4) J^jjvlJI 
JIT 01 . Jl^j ^ 01 (2) J» J-r 2Jl £• ( 1) SJjUU 

ai* ou (2) j*j>ui ~ (i) sjaujj \JlS y^u{t) 

"i (*) = « (') , u 2 (*) = "' (0 u m (t) = u(»- 1) (t) 

0w 24. 13 A^kJl 01 f t(4) ^>UU (3) iJuJ-l JLU luJaj J*£ 

:UJ, 4 jl*.j (4) ^ (3) JJLfl 01 

u(0 = u, (0 = u t u(f). 

BiCiB jli* ^J*- *Uii i ^>-j ^^ij .25. 13 

j t e [a, 6] oi^ j (/, * lt . . ., * m y 

• *i € B u . . ., x m £B l 
J Pi, . ■ ; Pm 5*^1 diS'i J* SaLj CJIT lit 

^jfl »L_» Jl tf>Ml ^ ^Sj (1) SJiUUJ IJIjc/W J» J-r 2J» 
£ tH CS B * & Ui» ^ «(') dUU jil^l JJ.I 0l»^ 

. t € [a, 61. 

ji-b (5)15. 13 SJU-I gly JT tSjjI^JI ij^l ^ t 0l villi 
0* * *i € . . ., x n 6 :0l^ 01 5i J lfo-5 
01 35. 12 3 J pt € ^ _ pm e ^ 
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t € fa, 6J." J** cM "1 (0 € B ly . . ., u m (t) 6 #i 

. Aj^JUail a>^J1 Jl J*ai Dli Ul (*) s u(t):ji U 

.Ua^l J^Ulj C^aUll 6 13 § 
g ^UJt »Uai J A (f) b jJl# Uk>- IjJ^. jcuj . 16. 13 

*il A(f) jJjll J* J_>Si (, Ja~*-K 

: g > o Jlftl 4 g > 0, JS" J*-l lulai-l bl * _j jl j^lwb 

j-ij-i) 1 7 - f | < 8 Oj-£> Ujup II A (7) - A (t) ||< e 

.((v - 17.12) J± jy piij || || 

JjVI A»-jaJI (>* Ail B *UaiJI j <uJ $ a;) J 

:0^" Uj x6B -C*^ 
(D (f, x) = A (<) x + & (f), 

j i Ja~» _^JL jl j^i^L 4^10 JjJl^ i^**" .A** A (f) <i~*- 

. B *UaiII J <uJI j^Uwa g\j b (t) 

A~dL ( 1 ) Ja*JI & (fi X ) JT Jl CJLJ 



^^•JaJI tUtf j^Jt J ^hT A (0 jjjll jUpI j£x 

.(I - 37. 12) B J SijJ^t UoiU OljJjU JT <y oiijll L (B) 

••Oil t a < * < 6. JLjJll ■ J* ojj^vaJU ijJisi ^Ul IJla Ji* o[ 
sup ||A(t)||sA<oo. 

5 = 6(e, t, x) U^J lU^Ul t t i <3 J*-l 

||xll||A(0-A(0K-J. 
|| &(«)-&(*) II <T 
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:J* * \\x-x\\<el$Ah J»-l <yj /, 

|| <D (t, x)-<D{t, a:) || = 
' = || A (?) * — A (?) * + A (F) jc — A (f ) * + & (f) — & («) ||< 
< || A(7) || || J-*|| + ||A(7)-A(«) || ||*|| + ||6 («")-6(0ll< 



. Vj lkU jl^MI oU^ ^ 

c-Jb J1JLJ ^sj (1) WJ! ^ JT jl o~MI Jjw 

C = A = sup || A(<) ||. CuUL x jJcuM 

\\<t>(t, x)-0(t, *)|| = ||A(<)"i-A(i)*||<: 
< || A(t) || II*— « ||< A || 

:AJUI i^JI Jl J*aJ 53.13 loJaJI J^ko . 26. 13 
(1) u' (t) = A (*) u(t).+ b (t) 

Siy.jil jUi;B>UwJI J ijJ^ Ja>- Jy A(t) £~p- 

:J\Mi)i\ B j W g\5 b(t) j t € la, b] 

( 2 ) u (f ) == "o, 

• B - J Jfl* u = u (t) ^ J^" 

c^uii xl* js^i .aja^i o^iUai j*. .36.13 

„; (*) = A„ (t) Ul (0 + • . . + A ln (t) w„ («) + &j (0, 
( 1 ) i£ (f ) = A»i («) u, (f ) + . . . + A n „ (0 u„ (0 + 6 ; 
*UiJI J Saj^ aJop- OljJ> y f fc = 1, . . ., ra) A^ (t) 

bi (t), . . ., b n (t) Ul 1 f £ la, 61 jlr*^ B 
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J» ( 1 ) ilu^JJ pL^ai . B. J lf»J i -1 o 2L*Uc£ ^1 y ^ 

(2) uj (t ) = Pi € B, .... u„ (f ) = p n 6 B, a < f„ < 6. 

( 2) Jb Jp jJJL-; ( 1 ) LJU-I J_-SJ . JL- >j-Jcl> 

t 6 [a, 6], J i^Ui gly ^ JUL («,_(«), .... «„ (<)) 

JJ-I 11* j t B J W 

:14. 13 J 3jC*il iLfl <y i^U- ilU- (l) b\ . jUjJI 

u;(f) = (D, (*, Ul , . ..,u„), 



U^(t) = Q> n (t, U,, ...,U„). 

aJU-1 ol* J* J-Asi 

(3) ^ ('« *i> • • - *n) = A ftl (<) X, + . . , + A hn (t) x n + b k (t) 

k = 1, . . ., n. 

(3) /wU JT jlj ^ju «jl 24.13 l>JtH\ JjJaiJ 
jl 16 . 13 J Uj U^j . t 

JUL, iJ»j>tJI 0Ui4 b*W jA k „(()x» ^ js' 

.24.13 A^kJI j-jkj oUjJI ^ .(3) l^yf ^ L> JliaS" 

J^l ^ A /k a, A f= 1. • • •» «), OljJjll CJU* lit . 46. 13 
gl yJI CJlSj <^ j B, c B Li}* *Ui f € k 6], 
Jjf I *Uuil lit J t**J j^b t £ [«, b], J*-l <>* t 6/ (0 
5-JLJ.I J->- J-Cfij ^« u, (t), . . u„ (0 ^1^1 oL» #i 

Bi *UiJ» J l«*J atb t(2)36. 13 J»j>UL ( 1)36. 13 

<Dy (f, a„ . . ., x n ) A M (*) (/=1, . . ., n), 

•UaJI J Lj*J ai-b ; Xi e . . ., x n 6 *i J*! «>• 

. 34. 13 J-JoJ Bl 
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(>• JibU* .4JUJI jj) 4-Jbii-l o^jUII .56. 13 

n <J J\ 

( 1 ) u<»> (0 = A 4 (*) u (/) + . . . + A„ (*) u^-i) (t) + b(t) 
£ t B .UiJI J «uJ j^L ^ jj| u (t) J_^| 

(2) «(<6) = Pi€B,..., u(»-i)(<oJ = Pn€ B. 1 

bjo* Uw- I^ A > t < 6 la, 6], JS'J^-l^i A h (0, Ua Jix 
. *UoaJI < _ r iJ J <uJ g\3 j+i b (t) Ul <, B *UaAll j 

"W !5U (2) aJU^II ^>UL (1) SJ^I <bui JJL- .a^k; 
j^l" ji\ iSy » JUii^U 3LLUJI JL*l*iJI ^IjsJI uL^ J Ijl^j 

. b. »UoaII J l**J 

: 15. 13 J SjC*ll ibUU ^ <^»U- aJU- (1) 61 .Olft^ll 

U<»> (*)=(&(*, U, U', ..., U C-D). 

O (/, . . ., x n ) = A! (t) Xi + ... +A„ (/) x n + b (t). 
.Ol^Jcdl JL-JL j^u^. <d ^Ul jl 36. 13 J L.lj US' 

aJpj . a:,, . . ., i n . J A^JL j~£~J Je» ji> jZdj t, x t , . . ., x n 
.l,jUal\ Jp J*atf. <b^aJI oJUk J-Jai .iJU 15. 13 AjjiaJI jl» 

J*" ck' ^ i A, (<), . ... A, (0,, Ol^l CJLt lit . 66. 13 
b (t) gftJt JIT lit j A~iJ Jfl! c B bJL* U^. »Ui t f g fc], 

(1)56. 13 aJjUJU JJ-I oli Jj±\ *UiJI Iaa J «uJ jjX 

Pi. • • •. iJljp^l 4*A^I CJlT 1^ t ^aj (2)56. 13 J>j>UL 

aU^i ^jiji tSjjiyi j» J-r ij» ^ dJi <y ar'u 

01 JL—^Li- S_i^ J-s«di 3Ja*-}UI sjuft tg-~kj J J_Lsi 46. 13 
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>»Ji t 6 fa, b], £ <>l J* Bi J' ut (t) == « (*) 

.JLJbw> 5Jai> iiiUI JU-I Jjll .7.13 § 

: 6(f)aO;U ( 1)26.13 SbUI .17.13 

u' (t) = A (0 u (t) 

Jj-U-I ^JL U.I . U (t) miO. L^Ij ^ JLJUutl XJiUI JJL" 
Jjjlii ^.^.-»- 6] J i*- 1 ^ ^ <^** 3-JU>dl ibUJd 

. 26. 13 SJl»-^JI 

J* J-^ jIjlpI J L. ^ jl (l) A-Jbfwdl iJjUJU J jL>- 

6^ « 2 (/) J "i (0 ^ *f .UaUN <SJ*\ 

t aj» j ai ObaJl U> 4 UjjJ ( l ) <JjI*JU 

(ajiij (<) + a 2 u 2 (<))' = cttuj (*) + a 2 ui (<) = 

= a s A (t) ui (t) + a 2 A (t) u 2 (t) = 
= A (t) [<XiUi (*) + a 2 u 2 (t)], 

jCtC . ( 1 ) iJiL^JJ J_p- aiUl (f) + a2U2 (t) uL» oil 

jJjU IJJt, o\ .(1) ILJUdl ^iUJJ (83.13) Q^JU-l jijll 

: a 2 i ai 

jl U . aiUl aj!U2 . t = t Xs- l$i»J c(l) 

^ JjVI u>>JI UI .(l) JJjUJJ J>. jWI o>JI ol Uj 
^jl* aju, -f a 2 u 2 JL-i-L; ( 1 ) SJiLnJL) J^»- ui_>ycJ1 

* € fa, W. J*" tM i* 1 ^" ol . * = ,*„. 
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J'y (1) i-JUvdl Uiil UaUJU q$ JU.I jJJU oli 0*| 
Ji Iji .cJLiU JjISj ^ywu-. <Ul 4 83. 13 t ^jj -t? k>- 

*uui j ( i )n. 13 i-judi y a uju ju-i jys ^jjj . 27. 13 

• x = (1,, . . ., I„) J^ 1 ^ 0* ^ n- A*JI ^ii? n 

. /j, . . ., / n - U^j Ua>- Uki fl n n »UiJI J .l^i 

- - 

J_^>il ^UiJt ^IdJ IL^Jb (1)17. 13 2L*UiJ1 JLbUI Jily 

: :LJUI o^iUI ibr " (0 = 2 (*) / ft 

^ J w;(0 = Oll(0"i W+ • • • + fl in 

1 u' n (t) = a nl (i) Ui(t)+...+ a nn (t) u n («)•* 

- 

_ 17. 12 oUJl apljiJ! v-— ; q< jy.i ^TJJH J^; ot Jj: 
JUU jJ^ll Uli SjL~ . Q{^ k ( fc = 1, . . ., »). 



/,.(«) fi2(t).--fin(t) 
/«(*) hz{t) • • • hn{t) 




(2) < = 



(2) iijjLAll ^jo-J . /» ^Uii! AjjLm* <u~J £ = i -U* As-U 
4(1) 2JL>JJ (iLSLjjjjJI Aijivail jl) Wronski ^Swjjj Si yuaj> 

OJ* 9 (_<r*-~d ^ 

Uj-jLa* aJL^ J a_^LJjjJI <J j_jUail 51. 13 Lojjl LuT 

.olM = ||« M || 
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ja j± (2) AijLA\ ol» ck 15 Site & ^ 

j_xp f Jw^w M (^^-SL^jj^I t f £ [ fl) fej J — S" J—*-! 

USsJH / t (f), ...,/„ (0 J jJJ-l o.Li i t £ [a, 61 

< € fa, 6j. <y ^ t = to 



u= 2j b * 

h=l 



u (t) = Q^u = $ J Uft / ft = J Uft Qj o /ft ; 
: }U n ^ 5Ja>- SjU ( 1 ) iJu^Jij J» JT Jli JUbj 

• >«('>. ....mo. 

*U*1» 114. L.L.I J£iJ A (<) /„ ( f )3^UUl «l>Jl 

J^jb. ^ i^Ul iLfr AO, . . .,/„(<) JUUiJI gljdl ap^ 

.(l) iUJ-l 



(1) .[/t<0. ••■./»(<)] = 



/n(0 /«(<)••■/«(') 

/«(<) .... fnn(t) 

- 



i-^w «Ja_kiai .ijj.ii c^l^ji ^ jljjUUu 

iLUJI gljdl ^ .IjJ-I 11*. ^Up W . A Wt . . /n w 

: Ofi - 41. 7 SJvpUJI 

+ i/i w ,/;(«),.•••, /» (OJ + • • • + (A w, • • • . fn (oi = 

= [A(<)A(0. MO, • ••,/» (01 + IA(0, A(0A(0. ...,/»(«)]+••• 
... + [A(0, A («)/»(*)]• 
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<uJi Ul . ^JuO <u!pj OUjUai* ubj** <d Jvjw (^1 tfip c£j>-l 
:flxsU J JLsi . a kk (t)f h (t) ^jLsj yi jUdl IS 'J,\ 
(2)jflh(t),...,f n (t)] = (a n (t)+,.. +a nn (f)) [fi (t) /„ (*)]• 

Uj-LA\ tf A ( f ) = flu (t) + . . . + Ann (<) j'j- 

: (2) y a ui aU£x .4 (0 
t 

, . I tr A(T)dT 

•■••/» Wl = f/l(<o), •■■,/» (Ml ^ 

^-1 — .Ml jL_^L_> J — \jCj M tr.4 (*) IjJ^-SJll 01 j—S j— 



:4bUU ol 15.13 J Uj . n iJJl Oli iJaUIl .47.13 

(l) » ( * ) W=«nW i r<«-«w + ... +fll(/)// „., 6(0 
f »;(<) = u,(0, 

m;(0= m 3(0» 



(2) < 



u; (0 = a t (t) ui (*),+ o 2 (0 «2 (0 + • • • + a " (0 u « (0 + 6 (0 . 



«iW=»W. U 2 (t) = y' (t), . .., Un (t)=y(n-l)( t ) 
Oli 27. 13 J UJ. y y, W , . . ., »«»-!>•(«). 

( 3 ) W (n) ( t ) = an (t) w (n- 1 ) (j) + . . . + flf ^ u , i (<) 

:J£iJI oJup-j iSj^kj j jSLc 

w (t) == C lH * (0 + • • • + C n w n (0, 

[33.5 ;14] ViU * 
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Wi(t) w n (t) «— f 

u>i {t ) . . . w n (t ) 
w l r i} (h) -..^-"(to) 



= W[iM*o)> ip»(* )]. 




= W[w,{t) w n (t)] 



:(2) iUfl 4i_^ai ^ULI JSJD! SIpI^j (3)37.13 jji-jJI 



Ja„(r)dt 

det W [u;, (0, . . . , w n (t)\ = det W [u7, (t ), ...,w n (t )] 
. jr\^ *Jai>- <Uil*«o Js»- 8. 13 § 

. 18. 13 

u' (t) — A{t) u (t) + b (t) 

y^w „ 2 w j (o o^y. y , (*) - v 2 (t) ji ju-i 

xs- ^jLil JJ-I) i-JUudl aJjUJU U»U- v t (t) 

ik-!_^ t = *„) Ju* *>o J <£jLil J*U) i-JUill ^ aJjUJU 

i? (0 = wi (0 + &t fo : jjS— ^' 

.C-UI ^ v (t) JJ-I ^ Q{ , jijl' 

(2) yi (0 = ^ C(0, 

t. -> Ui*^ C (0 j& <l ji ) Jj4* ^ ^Ui c it) ^ 
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Oj— & C (0 — n^JI „, ( <0 ) = o, J* J j_^JU 

• C (t ) = 0. 
:jl 31.13 Zb^j j _ 83.13 ^ 

( 3 ) „; (0 = c (/) + $ C (t) = A (f) Q? C(i) + (*). 

••c5>l ^ a* 

( 4 ) A (t) Vi (t) + 6 (t) = A (0 Q{,C (0 + (*)• 

: JL5t ^jLi* ( 4 ) j ( 3 ) J j^JI J J«£ 
(5) (0 = 6(<). 

83. 13 Ql J lSJ ~£*JI jjjll ybj 4 Q*> Si'i J^y jJaJ 

:Jp J*a>«^i (5) SljLi! J Je Jp o - 
C'(0 = Qt > 



C(<)= J fl?6(t)< 
to 

. t = t . xs- {Jj&> (^jjt ^JjtdJI jl~*-b 

t t 
( 6 \ v (<) = Q[ j Q*> & (x) dx + Q' <o y = Q{ v + j $6 (x) dx. 

to to 

S-u-tS ploiu-b S^JiL. SljLJLI al* ^Li oUjJI b£c 

Jp Mi v _ 68.9 Jttii^l 

:(21. 13) jji t Uij* UuL" ^ ( t ) j B = i? t lil .28.13 

t 

I A(x)dx 

i t 
(1) $A(x)dt * $A<e)de 

u(0 = e 4 <> i> + J * T &(x)dx. 
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t 

( 2 ) i> (0 = eV-^Vo + j e(*-t)Afc ( T ) dx 

aU-l J Uul O^li (1)28.13 } (6)18.13 Jijji-Jjl 01 .38.13 

j B <^*r^ j <u t* u (ft 'jj^i <j^' **UJI 

4--j>wi jjjjji— jjAa J SijIjJI jJl U! . B J LJa>- 1 jSj^ A (<) 
AW =4 u> 91.13 j 31.13 UjL^I 

■ A (<) J*- 1 (j^j vl^U 

^Ull t -J A (f) = A jJjil J^i te' ^<»U- 

j A jJJH £. JaLj C^U ji> Q ft j ij^ jtZ p h (t) 

AjL*- {fix (2)28.13 J-lScJ1 <jli i B, »UaJI ja fcju b h 

jfS- £>yu>{*j» i^tjwJI ijJ £jjJ luSd; tOkl ^11 iJU-l J 

JU-I jJjil La ,^4*; B = R n J^>. „. <p *U*aJI iJU- jC*; . 48. 13 

: 27. 13 iiLjjj^JI 44 ^i^iL £t 

/«(*) /«(<) •••/«(*) 
/»(*) /»(<) •../««(«) 

/niW fm(t) ...fnn(t) 

:ijcA\ 2UUU J jl ^ 4(2)18. 13 JSJUI ^ JJ-> ^ 

»ii(0= 2 f*(t)C h (t), 
ft=i 

JLbUU j_^b . ^ ^tj.; Cj ^ Cn {t) 

" :VuJ.\ (5)18. 13 

h=l 



t J' to j? Ch(ft J V"^^ ^M- 1 
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: 5J aUU jCJ6 . 58. 13 

y("> (<) = a„ (f) i ,<«-i>(t)+ . . . + «, (0 y (0 + 6 (f). 



"I (*) = "2 (0. 
«i' (<) = «■(<). 



WISUI <U1 JUL! ^1 J^L 



u' n (t) = a, (f) Ui (<)+...+ On (*) Un (0,- 

' «» (0 = y (n ~ v W, • " 2 (0 = y' (0, • • - 1 »» W = y (*), ^ 

:J£iJI j±i 



i»;(<) ...h>;(<) 



(n-l) 



C»Ua*il <y UjLA *ii\y> 6^ u?, (*), . . ., w n {t) 

Ifi) bjj 01 t(2)18. 13 J£iJI J* JsLl ^ .SJUjNI 



"(9=2 w*(0C*(«' 



:(JjVI >JI ^ 



J££jt fcAlJI aU.1. J (5)18.13 C^iUI JLi-L" 



n 

ft=l 
n 

«*(<)« (0 = 0, 



. S 4"- 1) (<)aw = &(0. 



v(0JvjW J* 11 J' 1 ; * £ k (i),g»js]l <i* 
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Ou >IU JL* J* . , (o, = . JU^I ^ Jg. = 3y 2/3 , 

? 53. 13 SJlj^Jt ijjfcJtj ^AJi 
Ijjfc .j>Cj> JjJ» J* ojXi Ojj Oti 4kD jJjJ .2 

A »k:;« ^yii*^ ^SiJU J* ikaJI a JJh ,kiw» j jfj J-**^ 

X Jar.:,* JJdJ Jlj~J' ^r^J (I JIJJI) 

1*3 J\ ^ aJ»>- SJL^U; SJiUi Ul (;) U»U- J j<u . 3 

u"(t) + a (t) u' (<) + 6 (t) u (t) = 

O^U* Oli n aJjJI ^ aJjU* oL« 71. 13 J . 4 

. n <J J\ y ~di\ju> i^otiU 

J (u(t)e i?„) A^Uci ibl~> u' (t) = A*(t) u (0 • 5 

j! Cwl . ( A (t + r) = A (t)) ^ ) T AJjja bjji A (t) 

*UiJI J lf»J Lki- ">tfi~. UjL" « iW «n (t) ^ . 6 

JUii"ill J^AJj LLi- 4,U. - >...,« LJL liylJ n j/, ((), ...,»„ (t) (j^J . 1 
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. U J^US" j/i («), • • •, y n (0- (U: » 
dUi J Lc 5 OlS^ 6 (t) j a (/) v^w.tOJ JIT lil . 9 

.3JaiM SJjUJU jl* 4 m 4>* J^ 1 
u' (t) = A(t)u (/) + & (t) 
(m + l) L'jll <y JiiJU LjJ U o j .ui^o OlL-i* 

/ « - % (0 <<p (0 a^-I jdl 42Xi^j ».(0) = o jtf lil . 10 

t 

e-"<'-«)qp(s)is 

t 

»(<)<<P(0 + *| u>(s)ds 

< t < T, J*-' ^ 

t 

w (0< <P (0 + * j <P (s) e ft< '-•> ds. 

c> - 6 ^ 10, t] J* jwex ^> (^") . 12 

: 01^ lit u < (0 - / (*. »> : 5J jUJJ L,>- 

II f' («)-/(«. (*)) II ^ e 
> J*" J* 1 «>• bjJ Ot CJI . (0) T] J* 

II W IKII «(0) + w(0)||««+il[ e W_l], 

. /(<, a). ^bJJ j^J J, ^ J ijiyi cuUI ja k £^ 

ibUI ju*; (ivJ) . 13 

( 1 ) u' (t) = A (i) m (i), u (0) = u , < t < 7, 
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■ A(t). J*** J*^~* J¥. 

n = {o = t < h <...<*„ = t). 
yn (°) — f o ; 

»n = y n ('*) + A ('*) *u A 'a (* = 0, 1. • • ., n - 1) ; 
t A <t<t A+1 J o • JjMI 3 — ^-joJi <j — • y n (t) 61 

. ( 1 ) SJjUJL) }U g- y n (t) gB 

Ja~> (13 (XJ^JI) (1) SJiUJU dbi ol CJI (i^ - ) . 14 

u(r)= lim y n (T)= lim [ FT (E+A (t h ) At ft )} u 

d(n)->0 d(II)-»0 'ft^-L j ' 

2 n (/) I L*U-i UjIj t 13 <jij*B (j^ji jj^-stf n-S .15 
o 'nW^fo; :oJipIaJI Jij 

Zn (^ 1 )={.n« A(< -' ) ^}l/o, (4-0.1 

-, nW ^B ^-aj ^ n Aljf v^l 'J"* 8 >° Jf* '0* 

.(1) %hU*U Lyu !>U 

:SjUJb Lj k~ (13 Jij^l) (1) JJiUJU !JU JL* 61 CJI .16 

u(T)= lim «n(D= lim { 17 , A( V> A '/i K 
d(II)-0 nV d(H)-0 l i= V_ t > 

•w— JjJ 6' Ja*-^C ) 
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1693 j^-J J-olS' 4 j~~Jj jJjJ J^l Xj> i^l t j J^iUJI 

4bUM J»- ( 1739) jjjl j^jj .Jj^l XJjJI ^ 4-Jl>ai Uail XJaUU 

JIT jjjl «jl fJUll £. t(l775) g»l>"il l*Jui -^i C-Ul ^ 
.1739 Xj> SiiJ 4*jja}\ tjUll JuJuJI J*» jj 



.J*aill Ha jJlmsi; jdl ij^^Ji JuiSUl <uU t^jjl « JL£jlSLU 

Ijji C~*J Ji*U jyl^l jUaSJVI Lftj'jJ^ tJi^J t*>w~JI OJLA C~jJ 

4 5JUa*-^l Sj^J-l *b>wJ I^ISL* jp i.aidl aJ^j^ 1 iji^' <i 

oIa 1w.I L (j^U-l i~M 4k-jj-JL«Jlj 4^*k^' 't^-~*JjJ (J*" 11 ' 

.1812 

aj wa^l t(l844) JjU ij^y ol*^ Jjl *U-j 19 O^aJI 

*i* £j>y> 1922 3L- ^UL ^I5j tOjdl oL^idl 5aj> ( 1890) 
y^l £->,j**> fljliC-L *Ufli J»-l (jA ij£ t-JlS J Aij^y 

217 



www.alkottob.com 



14 J^aiJl 



J; u-xi d-Jbtl JjUwJI gfe J* I 
i^J^I i-ljjJ <ujjJ> olil Uijl Jii 



,(1867) OuJ» 
W. Thomson, P.G .Tait 

JjJLft cLai J oJboUltl jjJJI . 1. 14 § 
•Uull J UiaJLI oL^idb 5. 12§ J UIi*j! . ijLjl . 11. 14 

(1) 11/ ||c = max | /(*)). 

(2) H/llp = ^I|/(*)| p *r, 

/ (*) ^ ^ ck 1 iy ' ^s—' <p (*) g)y d* 
O^lScJl syr 3 Ij^i \* t ^ a ^- "\' (J* • ) 

<y gly «Pi(«), <P, (*), ... aJU, ^ d\ (I4JI gbJ. ^1 

: ^ (^) 

(4) II /-G„|| 2 = Vj Q \f(x)- 9n (x)\ 2 dx 
(4) iS%JI oli q„ /*; (.IkJb / (x; SJUi* CujUJ !i! 
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ol J; (4) «5UJt Of/uJ ^ pkdl vj^ 1 .JW 5*Jl» 

J£i j Jj^l! ix^JI OLJL" .lUl oli J* Sibj 

t (3) i^kJl ;JUJJ jiljJLI *Lai ojSJ II* j ^mJIj ^JUb 

*Uii J JU-I JuJL'ill Jlj^l ^LS ^ki-J «^>- 

jl LiJU UJjJLa *Ui H o^J . Jj±* sL ** J oL*^! . 21. 14 

7 = k \aXs- (ej, e h ) = 1 ) e lt . . ., e„ LjU^.j oJi»bcu 

Jjj.| ^ : iJUI *jLll .( J *) Ujllp (e,, e k ) =0 j 

n 

jt ajLii »i* J*- J . j*--* 1 " f — y ii = J lji i' 

n 



||/_a:||i = (/_ S g hefe , /- 2 £ ft e fe ) = 



n 



(/, /)- 2 «n) - 2 I* (A 2 Ii* I 2 - 

h=l h=l h=l 



= (/, /)+ 2 [ I (/,<*) I 2 -M/, «*)-!»(/, e ft ) + |Sft| 2 l- 
fc-i 

h=l 



2 _ 



= (/, /)+ 2 [(/, e h )-l k )[(f, e k )-h]~ 2 |(/, e h )\ 
ft=i ft=i 

(0 =(/,/)+ 2 l(/,e A )-| ft | 2 -2 

fe=i fe=l 
= (/, JIT o! 3iyU*l Ifi* J-asUI SjUJI ol ^iljJI ^ 
^UAJI iii^ y = ^2 (/, e ft ) e h ^UUI . ( A = lf w) 
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(2) 



J* JaiJll f — y — h Ji£ <. B.^jft »U*JI J* / 

J^U- <y <^ j .(1.14 Jt\) U iiilji! 2L-juJ>I ^aUII £• 4-a-aJ- 

: y> h ^UJLII J jJ* ( 1 

l|fc|| a = (/,/)-Sl(/, e*)|". 
ft=i 

: ( Bessel ) J-^j is**-! a**U- ajUsj Jjl; <cljj 
Jil(/, ^Ml/H 2 . 
. j S ju.L*i. 5JLsr J_T, / e H £L*i JJf J^l ^ 2UUJI 

e lt . . ., e n . 

Jp / £Uill 1oa~a y >~>j\aa jkit \aXS- jsO # (^>f 1 

• B * L ^ JI 

4 4 -Jl SJL-^L^CU 6NI jCJJ . 31. 14 

Jil^l JjjLa j-fl-l J* <?i, . . .,j n JLaTU 4*la^ 

(/, e k ) u^UI jJLi . * ft )e ft . JJJU 

fc n «JI>MI Ut . n'^k.^Jk ^ VO 23 



<*> II *. II = ]/(/, /)- S I (/, e k ) | 




V 



1. 14 ^1, 
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^jjl jJuDL Ijjus \\h n || i~Si\ J*sr tfs J* : y» JIJJl 
J^rj liil i^l 1 a*\j ji- » e 4 , e„ . . . SJbr CJlT SI t ^ : oUII 

.||/|| <^jLJ II K II iljLpMI JS"j (f, e h ) 

JyUI ±>jjli\ Juu j^J ^kuJ Uli dUS ^ ^1 J* .1 41. 14 

Ja>cj .00 Jl ra Jjjj Uxp ^^yaJl Jl Jjj; || h n || jIjipNI 

^ i^ij.) LiUJMI oljL^I ^ ^ li^Wjl cUJU ISI dUS 

<Cl ( ^jubJI oUUiiJI ( _ r i«j J (25. 12) Stone Oy-~ Jai Cj\jJoj 

iJhio e t , e 2 , . . ., ajS^S SJaiM oIjLjJI jUs-I j^JII ^ 

UjjJ CJlS" ISI <Cl dUS . /. ^UJJI (JjjJU>1 piaJU Ajjliu 

2 lke h ^ SjU J^l ^ || / _ J) i h6h || ^ e , a^-I^I 
ft=i k=i 



n 

'• 2 (/, e h ) e k JjL* S-*^ cr-*" 1 u*^ ^ •jJj^ 1 ; ^ 

( 1 ) II hn || = -]/\\ f |p_ ft | I (/, |> = || /_ j] (/ , eA) efe „ < e 



* 

(2) /= lim § (/, e h )e k = 2 (/, Cft )e ft . 

n-»oo ft=i ft = i 



jij / ^UiJU ^jji iUL» ^^1 tJ^kJI J oi 3JLUI tJ *~; 
(/, e h ) a 1^1 

UjC*; LJli oJlc-Lu ^jji iLL CJIT oj sSJULJ! ^-i* ^ jkJI 
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.Jf JUi^b Jai t f t £U£JI ( 2) iLJUl jU; JUU- J . sr 

:jl(l)J 

(3) || / 1|« = J t I (/,«») I'- 

JlmJI aJI>- J ^j^Li i>jJaJ ilJLf A^-i! SljULI oJla Jlc 
oLJI 'il .(Parseval) JlA*»jV 51 jL^o j^j^-Jj 

-."iox>-\ JX\ Ujj bjJ jtt /, ^UiJl jii UJL. vjIaJ 

(4) S |(/,e h )| f <||/|P 

( 2)21. 14 4^1 > J 4,1^1 Jl JttsJ^fb t jj^lic-J ,jJI 

/ jrf- /, *UiJ 3UL. CjjUj tit 4^1 \j;J-S ia>~y6 . i 

oo 

ft=i 

:(A = i, 2, ...).* vV 1 

/= I! (A e„ h )e„ ft . 

:(1) LJJJ jljUi 

( 3 ) u^-s- JJJi j oo Jt AT J^ji Ux* ji-^Jt o ^o-^t 4-*£Jt JjjJ 
. ( 63. 6 ) 4*>- j> bo jJ*- ajjIai* aJLJL. j ijjui-l jJ /Ju «Lp >j 



SJU.L.C-. U^rj /eH ^L^i J-^l ^ cUjoJ .ilky 

oo 
1 

lim||/-^ Ck e fc |l = 

P-*°o ft=l 
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C)j£j Xx* 4 m < n 2 < . . . < n p < . . 5Jbu J>-l ^ JiMt J* 
i ( m = 1, 2, . . . ) i (/, e m ) ijL^ c ro J*U* 

. jbdl ^^aIIj jriaJlj AjjUi* (l) 3LJLJI Oj^JJ 

: J* J»a£ 4~JU»i*j oJu«Ui« 5JUJ-I JjTj _ 34. 12) 

(/, e m ) = ( lim S CftCft, e m ) = lim ( 2 c ^h, e m ) — c m , 

P-*CX) 1 P-KX) 1 

i i 

uj ti-JU^j Sx.Ui* <L* {e k } t ( 51. 14 J . AjljU fj+Ub ) 
1 

|aft6ft|<4(l a " l 2 +IM 2 ) 

OIT lil .(4)41.14 JJ*, 1^ 

m p n p 

(/. <?) = ( lim S lim 2 *fte ft ) = 

P-+OO 1 p-VOO 1 

'p oo 

= lim 2 a ft*ft = S 

p-too i 1 

tjl«j t^jjj-s 3JLL. c %ilw> U.L/CU.I JL- vai t t^wTisJ . 71. 14 
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'» = "*»/||*n || oli ». JT >l ^ ^ ^ £UAJ| 

e n iJuJ-l J*j / £l*£J aJUL AjIsT .AwUlUj oJl«IjC* 

2 = 2 (/, *<< " 

00 00 
(' 1 ) _ V (A gfc) „ xi 

~ 2i ran* gh = 2i ah ^ h ' 



(2) a h 



h=l ft=l 
- (/■ *») . 



^jji aL±*> (l) ^ jf&- s )i\ t-ijkJI J Sijl^l 4JULJI 



-si(/,^)i'=i|(/,^)| ! - 



:(1)61.14 

( 3 ) (/,*) = .! a*P*|kft IP 

:Ol ^1 >*b la* j 



n=l 



1 1 

. <^.U£JI ^jji J-»^L» . 2. 14 § 

- 84. 12) Hr [_«, „j JjJLil .UUI J ^u; . 12. 14 

' f-Ji, n] JUdl J* ^aio 5 f it) ^i^i ^ 

# = {fo : a; = cos J, (/ = sin *} 
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( 1 ) 1, cos t, sin t, cos 2t, sin 2t, . . ., cos nt, sin ra£, ... 

JUdl J* sin&f-sinmf ' cos A* -sin mt ' cos »cos m£ 

• f— Jt, nj. 

it 

||l|i 2 = j l 2 rff = 2n Ol J»-*i i-JUcu iXJUfl »| 




:jl ^ _ 55.9 

? 

|| cos /c< || a = I cos 2 kt dt = n, 

-n 

|| sin kt || 2 — j sin 2 Atf dt = n. 
-a 

q\5 M (1)71.14 iLJL v-^J JUL, 

:J£^ <> /(') €H fl [- n , n] : 



(2) 



(3) 



2^ J /(x)dx-j-COSf--l j /(x)COSxdx-|- 
-Jl _jt 
it 

-j-sinf- — j /(x)sinxdx + . . . = 

CO 

— "y- + 2 cos ra * + ^ n sin re*), 



51 

a B = Y J /(x) cosnxdx, 
n 

&„ = — I / (x) sin rax dx (re = 0, 1, 2, ...). 

V. ft J 
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(2) ^jji <LJL V jU; JUL. ^iilu-. .i-Xo giy ^ UJ^LI (1) 

.(42. 14) JJS Juu 

jCaj .^oSiJI J£iJI J ^j^AJ aJ±U aJUL Jl oVl J2£J . 22. 14 

•j-iJLI ^Juull gtjsM <y OJjil H c [-«, a] t# Jj^ 1 *^ 
5JL*bcu ibr L* L.jJ .(j _ 84. 12) — n < t < n JUJl! 



(1) 



-int 



(n = 0, ±1, ±2, . . .). 

li^jJI SljLJll ,y SJLsU a 1ft JutUj jb 



n J' 



l(n-m)t 



i (« — m) 



. =0 (n=£m). 

— rt 



(2) 



||e iB «|| = ]/ (|e in '| 2 ^ = l/ j l-A = V2»i. 
-it -* 

S*- 1 - Oli / (i) g H c [-re, re]. J**- J* I a- 

:(84.6) ^JUU 3JUJ *LL. J£i J^b (1)71.14 

oo 

2 <?„««"' 



(3) 



.(i)au.ij»j /(/) gUi jii 

: jjjl jji- i . 32. 14 



cos nt + i sin nt 



o^UI t~T) (2)12.14 JS^Jl J* (2)22.14 iLUI 

.(Jutt 3JLLU glyJl Jsj-t (2)12. 14 iLUl 
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-n 

c n e int + c. n e~ tni = (c n + c_„) cos nt + i(e n — c_„) sin nt = 

n n 

— \ j {%) cos n% dx -cos nt-\-— \ f (x) sin nx dx • sin nt = 

— Jt — Jt 

= a n cos nt + b„ sin «£. 
(2)l2.14iLJLiJ J 01 t n,JT J* I ^ t J»-5C 



jli JUbj .jUulku (2)22.14 J 2 

SJULJU jJiLuU £_*J-I A-JLLi *JL^, (2)12. 14 4JLUI VJ UJ 
4JUULI jttbsl! iJbli ol ;94. 6 J UJUi ^ t ^iJ .(2)22. 14 

XLUI <jl Oj-b * ffl, Jj;.| ^ Ji>cJ ol ( 2)22. 14 

n 

. ( lim 2j J > ) 4jj\jLa 

m, n-»oo — m ' 

(i4<&*) J£J (2)22. 14 ^jji SJUL ol .ijjJa; . 42. 14 
y JLjlfc, = n] ={x* + V = !} ^IjUl J* ^aiJ 

. bojJb- u-Jy olS' H c (<?) *UAJI ^ / (*) 

T n (t) iJbu oUI J&j \ - 41. 14 i>wjujl SUIjj: .oU ^Jl 
H c (<?) .UaJI pij f<$ > S^WI ajjJ-l Ol^ ^ 

MO = j Z?n(T; t)f(x)dx, 

-Jt 

■ 

Ol J - 75. 12 J SajljJI Ui J£iJI Oli 3Jts, Z) n (t; ^ 
Jp f lkJL /(^) 1,j\jca T n (t) ijj^l ol^ 

. 12 ILjkJI . r «-». IJlaj / (*) gbi\ J J»lU ^ e a Q aaU* 
<? J* SLjiaJb oijJLrf Tnfrt ajjJ-l ^yLJ .>■ _ 75 

i^j^l 6U Ja**e>0 jM o"* • M = sup I / (<) |, i.uJL 
17. i*-j^l4 If -J aA; j£c /(f) ^Ul ^Li; Jsli; 

^Ul oj . e 2 . <y UIjJpI ^^.O'ilUJll <y Aiu ijuJ jl^l ^yk 
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. e - i / (o - y n w i< 8 

|| / \t) - r n (*) IP = { I / (t) - Tn (t) I 2 dt = 

= \\f(t)-T n (t)\*dt+ \ \f(t)-T n (t)\*dt< 
Q-V 

< 4M a e* + 4n 4 e 2 = 4e 2 (M 2 + it 4 ) , 

J»-l <y 5ajLJJ aAJ^ U-sJl U,jJ jl o**l oUS If ^ 
.(2)12.14 ^jji iLJU /(<) £k£u ^*i«-o 

/ W £ L ~ JU~jb 31jl~* J* f5 Cj* . 52. 14 

(1) J/»(*)*=«4+*2(«*+M). 

t i;JtS*JI SJU-I J W 4 12.14 j 71.14 (jiJjl-jJt U*J 

Jl oo 

( 2 ) J|/(<)Pd/ = 2n2kn| 2 .. 

— Jl — oo 

. 22. 14 j 71. 14 ^jji-jJI IJlAj 
:l«J j£i ^ t(3)71. 14 4 <JLUl <IUU J bjj 

OO 

f (t) = (a n coa nt + bn sin nt), 

l 

00 

* W = "T + 2 ( Cn 008 w< + rfn sin "*)» 

Jl OO 

( 3 ) J / (<) * (t) dt = Jl -fp- + « 2 («nC„ + 

-n 1 
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— oo 

5 - -'M* 

/ 4 ) )f(t)g{t)dt = 2 n ^a n K. 

^ (2) _ (1)52 . 14 ^%Jlj 42.14 4^1 ^ gi^J .62. 14 

:3Jbll ^JUJI S^li. 

re -»■ ±oo 

((3)22. 14 jl) (3)12.14^ O^U-JTCJIT lil .4^ 
OIT &l /(/) jli /(/) ^Jaio ^bd 

.(j - 61.9) J*UJI 4£U iJ^ ^ *Ui^L 

U i W J / (*) ^JaiJ ol Ol^lJ ulS" lil . i^jii . > 
lrri» <> (3)22.14 jl (3)12.14 

.J»IUI <cxa ijL»J jSLe *Uis-,L jlT ^.1 Qi^li-. 

51* gljdl ^ 5*Jjll (1)12. 14 Sju.UiII <JU-I 01 .i^i . i 

*M-< c'y J*" «> ^ /(') ^ c u jr :i.t 

*Lii-L 01^ f 4J( t h h «)) ; *UiJI Jix ( 1)12. 14 
glyJI ibr ^ U> dUoT y^l .J,ttJI J, jo*) j&r 

. H c (^). *UUI J ((1).22. 14) 

OO 

/wU 2 CAe 1 *' *LJL c^jU; lil .iibJ . \. 72. 14 

3m p -^ oo jcJlii. ^ 01 [_n, n], J* fU^L s (f) 

- . UjjJ n p oo, 

p 

s(<) = lim S 
p-»°° -i» p 
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• *(<). £^ 

jJoXLlI ^jUillj ^ $ ^Ul jSl i^JiJ ^h-^ 1 a-i-A 

. 51. 14 J.Jai^ i' Li II* j t H c (<?) v J^ 1 

^jy c„ (n = 0,"±l", . . .) CJlS* ISI 

00 

. J»UJI <CU JJl«J J&f 

ft 

J J**aj c„ jIopVIj s (t) 61 viJJi 

.<>jM\ 4*-iJI Jl >- _ 62. 14 i>wJI J-JaJ ^.sj, . /(f) gUI 

. X£ j£ J* j iiaii Jut ^jji 4LJL1 jUJ . 3. 14 § 

5JUL jl 42. 14 J Liij . ikii Ju£ ^j^i iJUU »-»jUiJ . 13. 14 
^Ja** ^JaSsj ^hJ jjj^ *il <->±j6 J* Jj-^J-b j t^jy 

^jy XLJL CJlS" 0[ ciyj o' J^r" • J*-yU fj*** / (0 

5Ja2J JuP / (f) ^Ul S*JU JjJl^ M ujji" J* J 

jrf. t — t„ xs- 5jjUi* ^jji JUL CJlT jl 4 t = *teSlk»K 

. iijdi / Co) 

.(2)212.14 ^JJUJI IjiSLS. J ^jy *JUL diJi J>-» ,>. jyc) 



fc=-m 



-m - m — it 

n n 
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: J* J--aa^i l^xl) <J\yl\ 
» _ im6 e i(n+i)e '(»+!) 8 -*(»+?)• 



e i(«+|)e_ e -i(m+i)e 




2i sin -2- 



1 f e S(»+l)( < -T)_ e -i('n+|)( < -T) 

"E3~ J /(T > — r=n rfT = 



(0 



_n sin 



2 

" i(n+|)/. -«(m+|)ft 
= 15T j nt + h) -! =fj dfc. 



J*r» *m.» (0-/(0 M Oli/(0 -i.. U^j IM 

:(1) j^U^Jl Jwu . „>0j ^>o jr 



~ 3 



4jw 



dh=\. 



(2) =tst {{/(<+*)-/<<)> 



-n 31,1 "2" 

^ (0-/(0 J>J> ^ 

*m.n(i)-/(0 = 

i (n+ |) A -i (,„+ |) A 



. h 
sin -y 



Jl Jj>. (2) J^lScJI J^£ 
JUJll j li ^ i»J L«ob" 9 (ft) jlS" li[ . iii>y . 23. 14 

t fa + 6, &J. Jbt J—S" J* ^ lafa \j-+x~aj a < x < b 

jli c fa, b] Jp ^^ii aJUI£JJ }Ltij c, 8>0 

J cp (A) sin vft dh, \ 9 (A) cos vft dh, \ q> (ft) e * h dh 

a „ J 



a 
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vA = -j- (e ivA + e-iv/.) J VA = -1- (eivA_g- IV AJ 

« + *-^., * = <), 1, 2, 

jl-i <T (A) C UI 01 • A = a < A, < . . . < A m -^ U> >^ 

1^1 4 A 2 ) J. <P(Ai) j lh , hi). JUJLI J (p(fe ) 

:jl ^wiljjl y . [fc m , b) JUil J tp (fe m ) 
(1) lf(A)-9(i)|< % (^| 

q> ( x ) gtdl w <p (A) >«jd kte- t la, ft] J* jlS" \^\ 

glslJ Sjji [fy, JUil ot U . _ 71. 5 ) \ a ,b] J* 



j g(h)e™dh = cp(hj) f C iv^A = 0; 

6 6 

( 2 ) ||*(*)« lvft ^| = | j*(m)e™tf*| <Af .2« f 

( 2 ) J (0 £~! • ^ = maxj<ptt)| 
( 3 } | | <P W elk [< | | <p W (A) , + 1 j , (A) eivft dh 

<».(%)(b-*) + M* 



.SjC*LI iJULI J JfcUjJ (3) ^ju&l jli v->-oo,Ux* 
e>0 t>' 0" .3U»jsll Ji* LLT U,tt <p (A) o^l jSJ 

:LiJ <^r 6>0 0* ^^-^ J** 4 
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(4) j \<p(h)\dh<-l-. 

j*J M = M (e) (iL^kJb) >jm <P (A) ^Ul <jl 
iJs- Jl la + 5, b] JUJI d&u . la + 6, b] JUJLI J 
^ [a lt 6J, . . ., la N , b N ) O^UJU y N = N (e) 4^ 
jjJiiJI JUf JS* Jp jJi) . Up. JS" Jp I <p (A) ^Ul ojSL; 



(4) SWrf (3) 



(5) " a ' 

< T + M"t) 2 ( 6 *-«") + ^(e)^(e)— < 
*-i v 

^T+M"?") (&-«) + ^(e)^(e)^L. 
^i3i^. e /3. ^>^l tf(e)Jlf(e)i!L j «v(-~)(6-a) 



■kj*^ J* oUjJI o^ll .(2)13. 14SljUI Jl ^ .33. 14 

l-n,n] juai jp ^ /(/) ^ 6ir b , 

hj IL-JL UOk, 4JL.lSUJLj %li /(<(>+*)-/ (t„) U| ^ 

<— ^jf 1 f-r 41 -^ 1 OU 4 A = o..<JaiJI J p . 

< = *o UuJI .up Vj UsJ / (t) ff ui iLJU » m . „ (*) 

<j* « j m j!>Ui-b ) n-> oo j m-^-oo Ujup / (f ) a-»_JLJ1 ^ 

r ^ub <ui£ju %u /<*o+*)-/(jg) ff ui oir iii .ou^ji 

f(*o + h)-f (t ) f(t + h)-f(t ) h 

■ h h~ • 

8"> -y h sin -2. 
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:(2) J.B3I jl Sil>>JI ,y jl JfcJUj 

| + (n + I) (*+ J) V _ _J_ { J + J } 



2 r* 



' /.^+*)-A(0 J JUUkil iJUi . 43. 14 

± j± *i\ . f(t) J (Dini) <.h-+0 U ^ J IL-Jl 

: « > 

\f(t + h)-f (t) | < C I h |« - 
LfU* Uiin * aUUI jllp / (*) ^Ul J-i; Ujc* i*»U- aa*aj 
*m. n («o) alj^l ali JtJbj Ji^ 1 aJ^ 1 CS j™ 3 * 

• / {to) ^J 12 ^ 

c/w . £ c >J? J* il-J-J |»EUXI w^jliJl . 53. 14 

£ cr <? . Apyf J* ^jj* iULJ jjidll 
jj? J* p UiJU jy* <>\ f (t) ^ki) i»jJi ^ J^i; 

/jfccJ 6 > jUU e > J^ 1 t>* ' ^ <= Q 

* 

j | /(« + *)-/<*) dfe<6 
IfcKfl 

•^Ij Ul J f J*" <>' 

JL_j>JI ^jJ* ^ h a :; l J _- t ^ j b jJis: / (<) oLS" lil . i-jj-laJ 

oli ; £ c ? ip^* Jp r lkJL Ui* / (*) ^bJU i, ^ ol^j 
£ J* ^ Ifcjb / (o yi hjZiA f (t) ghi\ ^jji iLJL. 
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JI i (n+ |) A -« (">+ |) h 



sin 



. ft 



, |A|<8 



/(*+*)- /(0 



: d~al t -j JUL. ^ 60 > juj.^, 

5 



|h|<«0 



/(* + *)-/(<) 



M jiJubJI IJub 61 f 4 ^ = max | / (0 |^ * 1 ' 



<P A) ^V^ 1 /Ja^ AaJ^II *p j*j*JU . jlcj 

'* 

/(A) ^Ul ^IswJ ilii 5*^4? Z< J* J~** * <H J**~! 

, _f _j ( UUj* Ol J^- jJI A = ^laidl ilaU " 4 ^ jf ,UiU-.b ) 

^ Ut>l £y? O^U>ll <y CJL. JL^su'SLJ. 



3Af (b) 




( l A K60 Jjj«Ai cM< J^b t*-*y c>S oNUii 



sm 



ii - 71. 5 Jviij 1 <p (t, h) ^bJU «>„ (6) v^-^ 1 ji-^" 

a, (6) < max | / (f + fc) — / (<) | © s (8) + a, (6) max | g- (ft) |< 
< 2Mf<o g (6) + M g a f (6). 
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.-(5)23.14 ^jjfcjl oV\ Uuu 



+ JV(e)M(e) — ^L- + ^. + 



2 



j>utfl jj^MI i-9 jkJI <i^->. oi-trf m 3 n bl 

.obojJI .^-j^iiall ytj i-Xp-Ij j Jf' a* e 

\f(t + h)-f(t) l^C \h\ a 
•51 C CoWl JIT, £ c ^ j t JT J^l & Ui* 

AjjUi* / (/) ytjy 5LL jl* t £ # ikHJU jLco 

bjJist ttii* /(*) JJ lit 2u*U- iLUb . # J* fUiJL / (*) 

JUL* jLJI j\ ,j^J\ y \jcJ^a JljiJI Jp) fc, d] c: Q JU J* 

: lc + 6, d - 6] J J^ 1 0^" W* I A | ^ 6 

\f(t + h)-f(t) |< sup | /' (f) |; 

f Uttb j* ajjULu / (t) gbli ^jji aUL. ol» <JUb> 



- Ic + 6, d - 8] ■ JS" J* 

^yu *i 33. 14 AjjkJI ol» 5iai! Ju* ijvi ^ lil . 73. 14 

( 15. 14 J dJJi ) Su*Li. / (*) ^Ul ^jji iLJL u^J jij 
lim« m .„(f ) = 



WI-+OO 

n--+oo 
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Jk=-n 



j J-fc~il J *S ) Sn n ( f ) Jild\ Jj±\ ^^ast 
:4JUI SjUJI Jp (1)13.14 ^ J*a*i (Salt s„ (/) 



(0 



'W=isr )/('+*)- — h dh= 

-a ■ sin -y 

1 p sin ( n +4-) * p 

= -ST )/(' + *) fc 2/ = [/<* + *)/>»(*)«», 

-* sin -5- 4, 

1 sin(«+4-) A 



D n (h) 



2it A 
sin T 



J£i J aJIzu d„ (h) g'jsN cJSLft jJ .izjfjts o\y Jix 

<u*JI / (*) ^UU UJU S ^lutl vjtt; J* 

0» (*) 'j 5 " • / W *» J 1 -^ 1 ^ / Co) 

Jp ojbj t 15. 14 yj*J> ol U JjUj c J£i J 3Jtz> J£iJ *il 

:j t (l) j /(O—l cJ^ villi 

n 

-n 

iLLJ 3 jUUiU ^1>JlI «~jjUj ^jjc— oL^Ull o jjt> ^loic^L 
J**^ 1 »>• / W £^1 C^a; J i*~L- d>L» . 83. u 

J^jJ /(*), gUU J/ifl Jx^JI ^UL- ikij to j£J 

f(t + 0) = limf(t), /(*„— 0) = lim/(f). 

«N.<0 t/«0 
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to+6 to 
| | /(')-/ (*o + 0) jj f| f I f(t)-f(t -0) j df 

to <o-H> 

^ t « n (Q *~&\ ^Sj jixs. . 6 > o J>-i cy Olf 

M'o) = j [/(*„ + ft)] A,(ft)dft. 
-n 

J*a*ai SjLJI . / (t - 0) j / (t + 0) U^^ 1 Jl*-^' 

o 

M'o) = j [/(*o + ft) — /(<o-0)] D n (h)dh + 

+ j [/ (*o + ft) - / (to + 0)] (ft) dh -f 

o 

Jt 

+ / (to — 0) J A. (ft) dft + / (* + 0) j D n (h) dh = 





n 



= Ii + r 2 + [f (t -0) + f(t + 0)] j D n (ft) dh, 



^r*-^ 1 4>* c£ri • D„ (ft) jt* SljJ ijj*. UUjc-I 
• oo Jt n Jjj, Uxp >v«JI Jl oNj>" /* j A u^^ 1 ol 23. 14 

/(t0 + 0) + /«0-0) . , „ -I . M • Ml I l • I 

n<. + o)- a '»+v<-+-- , ! a^u ^ bi *i .j,* 

/' (i. - 0) = Urn MzWzi 







iO*JI y / (,) ff tJ| <LJU *J>I ol» 



T t/ Co + 0) + / (to - 0)]. 



: J s:^J, <> f(t) c ui :uUL 

(1) TT + 2 ( a ft C0S ^ + &ftSinA;/), 
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: aJLJLJI alii n lui J\ ^jJ-l ol» 

n 

"T" + 2 ( aft cos + *a sin *0 
1 

tiLJUl ^jU; Jp» a;. jkJI ^ jli oil 4^Ji*Jl J t /(*) 
ySW ^ joo ^) J ^ ^ >* ( 1) 

^ Itji d^) JjMt J**J» ^kiJI i»Uu Jj (^Jlfl 

.(t _ 62.14) 6„->0 j a n -»0O^ dS't ^JUI iuJ» j jJJj 
. oULisi . <^jji J-»%J ,J y>\ oL^Ls- . 4. 14 § 

Jaj-Ji OU*UU (j^J Lft ^ .<^j>i OMobuo uL> . 14. 14 

LjjJoli /(-0=/(0 jlT ISI tLfjj /.(/) lit .1 

b n = i- J /(Osinn<d< = 0, 

J* SiLij . cos J*j iLJL. >- f (t) j^jj 

:dUi 

(!) an== "H~ j / 00 cos re* «ft = -|- j / (f) cos raf <fr. 

-It o 
:L.jJul* f(—f) = —f{t). ^Ubijibul; HO Ul^ ISj 

a n = -l- J / (0 cos ntdt = Q, 

<> oabj . sinn< gljsJI jij «LJ~ / y^.j 

n it < 1 1 v 

i r 2 p *— 

(2) 6n = ~ ) /(0sinn<d< = — I f (t) sin nt dl . 

^ -n 

JUJll jl cJl c^kio jjjbU ^ bub" /(*) -^SJ . I .24.14 

t [fy, OMI — 3*11 4 — ll* Jl j^-ijj [— Jl, Jl] 
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i=o 



O^UlScJI 5JU- S jLp Jp J-^s^i jil j>» b-A* J-»l& 

j i/n J ijjJ-l Ol ^ ±£ If I * n j a n o%>UJJ mi _LJ.I 



sin /if; j cos nf< 





a 


f(t) 




T 


\ 2> 






2 


2. 


14 




Ol 3. 14 







jl <k2j JS" .UP /(f) j£. Xijtej* f (t) ^kfcj i jJifl- 

Jp «ii-b ^ ^ Jb? JT Jp jJiSU ujliJI Ij-A o\ . f (t) J 

JS" JO* jliJ » jieLiU Ol (? • / (t) ^JaSJ 

4-I/(* + 0) + /(f-o)] ^ > C^" ^ 

aidl ( 0<f<n ) f( t )=Jt^L gUI jcj6 .JU-o . v 
Jp 2jt Sjj^ ^jjj ^ i _ n < f < Jl>«W J*- «if> 
^UJI ol» V - 14. 14 J UJo .(2.14 p*J\ )— oo < t < oo ;J >JU 
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i sin nt gl^ 1 A / (t) 



— 1 vi sin rei 

2 ~ 2j~ 



(0, 2ji) J* ^>aJ tj&Aj 



n=l 



A 



J f IkJL * 6 (0; 2n) JT ijtts, ami 01 d~ 
83. 14 J^L {JjCj. iJUUI ^yf 0! jf . 6>0 t [5, 2n - 6] Jb? 

. * = 2jt j * = oc* " f< 



^jji *L~L. ^sr (, sin nf, t cos n*, ^L?^ 
.[12] /(*) £kj& ^J"^ 1 £^ £Lr* Jj-^'j 

.(14.14 ^Ij) 21 * JLJLJ> ^ ^kiJ ijJ^ 



LJI 




bli ^ . 34. 14 

• / (t) OkU- 
Jii* *J p = n] SjJIjJl J* l*ytt / (t) . jSU .1 

/ ( t ) £^13 ^.jj-i 0*>U_~ c n .^akj j^aT (0 

A- f f'(t)e- int dt = -^. 
intra J 7 *« 



4 ,.-int 



^^/(-n) =/(„) oSl Ua ^ oil 0| 

If*** jUp^t ol . QSjJIjJI JT /(«) gUI 

jl oM t£y 4 Jj>» ^aS^ ^tJ ^jji Ot>W** 

^.1 yUJI Jl JjjJ JU^!>U J.15 /(/) gU oS*L* 
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1/n. 



a-'j^ 1 ^ u"V>* J 1 • |<v|» Vjli" tyj 

jtiiiJll t-JjliJI 63. 14 iiJaJI JL>lJ jjJu tl ^w dUi jl ia^!& 356 
til (xJI IJjfc J U>jjki,\ J2k /(Q ^jji iUU 

3JLJL. »jUj tjli a j>- j ^ jij |lj I j .«>.'v~.« f o\£ 

.(35.14) oljwU dUi \c n \ aU^I 

: /<*> ( 4 ) gUI ^jji Ot>L.Ui, c w ^ yj jb ( 1 ) 



(2) Cn = 



.(m-1) 



in (in)2 



(m)"«-i 



^1 j ) Ulk* LjU^< JUL aJUU s jjb 



(n = ±l, ±2, ...). 



(m-i) 



5JUI SjUJI 2ubT t (2) olS%JI Jl ijtdb, *(l 



(» = ±1, ±2 ...), 



.ILjlfc, | |e n | yjui d~^ 

— oo 

oi u^jaJ . Ljj>- j L-£p aajUI LLsiiJl AjUT jSj: . I . 44. 14 

:J£iJI U /(f) gtd c n O^Ull 
0n , |e„|<c, m>2, 



n|* 



c " = | n |m-a " ' 2l en l <0 °' m >2. 



4 ajljW ^>J1 t / (t) gfcdl XLJL jl dUi. (m - 2) 
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|]cne in ' = s (0, 

— oo 

oo 

S c n (in)e int = Si (t), 



%c n (in) m -*e int ^s m . 2 (t). 



f . sAt) J jjlk. y (< ) gUI 61 »■ 62.14 JJu, t ^ 
JJL s (t) gfcjl oli ^IjJ aJ\zj> Jl&Al; 87.9 So^ 1 

gUI ^-a* Ui ^ L-jJ t 4l (t) J^lk, 4*JL-.j JUiiVI 

m-2 JUi^M JJL /(*) gtdl ^ t ..jJl fl ( t ), 

<-« — J — j — » Sj_^-~t oi xi i / (<) £jLd) ob-S" lil . o 
.oU>-ljlil Ji£ ^hJI 11* ^jji 0%.U> 6l» m = 1, 2 

(O KK-rSfr. "» = l, 2, 
1 1 

lil ^-iUJLj 1/| n | J Jul a* j*> ijjiJ a* j~j ^^SLj ^ (JULj 

J-*" J-r> 6* ( 1 ) ^^>^i J** /•(*) ^ uw» o*u,- cu;ir 

/ ( t ) ^Ul jl Jjj Lf uv~» ^li ...i2 t 1= 

iLlSJi <-*w» oli \&J>j .1 j*z~a JS JS* ^ 

c «- J* i^jjill (l) ojj^ M JUxi^J 

.Ub- IjuJ^ 

t*Cjl :5JUI ijjJUJI ijLi! ^ .iujLJll ^Ua-sJI ilLo *. 54. 14 

£>\*2y SjJIjJI aJULI eJub Jp» 6J .<^jf j>Tb Ja^ ^jjl 

j-^J .JLJI *L£JNL> t (Hurwitz) j-~.jjj.jk J*i ^ <D3i 
«>*-*j J-U* j^~, ^^J. ^^-.jJI J-UJI z ( S ) = x (s) + iy w 
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tfil ^yu X^p _ 36. 9) .ku-jJI Ji^i s ^ jiJI J> Ul <, Z, 
Oj— & -4 2n, (^J*— i L t^-^-oJJ JSUI Jj-WI Ol 

: J afW'Cfi«^ . z (2n) == z (0). 

oo 

(!) a:(s) = -^- + 2 (a n cos /is + &„ sin ns), 
l 

( 2 ) _c 

— y-+2 (<?hCqsiw + d n sin ns) ; 

i : l _ 34. 14 j, tj 



a;' (s) = 2 ( — "fln sin 71S + "^n cos tis) , 

1 

oo 

i/' (s) = 2 ( — nc n sin ns + nd n cos ns). 
l 

: ( 1 )52. 14 _ 36. 9 ) (,)]• + [j,' (,)]• = 1 jl U 

2n= J {[*'(«)]« + [„' (,)]•}& = 
( 3 ) o 



W "2 B, ^ + 6 n + Cn + <ft). 

^^^U, Ji-b UljJI G A^U! (4)49.9 jj^jjl JjJaJ ^ 

(3)52.14 SUI^j jU, 

( 4 ) ^ = 4" J W — ^' (*)!■* = 11 S " — &»C„). 

n=l 

:jt (4) j (3) Jcj%JI ^ IS^kJl 
( 5 ) 2 s- = 2J{« a (a» + ^ + ^ + d|i)-2«(a n d n -6 nCn )}= = 



= 2 {(na n -d„) a + (nb n + c „) a + (»*_ 1) ( c » + jyj >0 . 

jjUoM 2n aJ _^J» jU« J»-b aaSI^I 4*-Ldl oli 

:bjJ ...;2 t l= JT Jp-I ^ j(S) j SljUl ^JUJ .ji 

raa„— d„ = 0, reb n + c„ = 0, (ra a — l)(e» +<ft) = 0. 

a n = b n =0 *^jc n = d„ = 0, J* » > 1 ^ J J-Ai *-^U- aa-*j 
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. b n = — c n . t a n = d n , jj. n = i . n>i ^ ^ 

<■ fll = cos a, a » + ft* = i jl ( 3 ) ^ jL 

:J* ^1 J ^ (2) (1) J Jib Jfc, . bi=sino ." 
a;(s) = -f- + cos(s— a), 

j,(s) = -f- + sin(s-a); 

>_L*aj Ob (o /2, c /2). J SjS' e yljJI (_j^>*UI lift o\ 

" 

t a _ 16. 9 ) G' = (2it/Z) 2 G Jb-Ulb Ja^ ( j _ 36. 9 ) 2n 

oii i u>j ui-A) SjJb l' i^j jjS^ jji JLaJ-i yy»i J Ul 

• Z/(2n) ^ jL~> U jki L_i*<a; ^ Ul.1 £ (_j^JLI 
oJ — p- Sj—Jb J>l_iJ j-*^ .^JLi*Jl .64. 14 

-n < « < m « = * + = e" ^J-JL*JI ^U<? ={x 2 + y» = 1} 
: J^JI / (0 ^Ul ^jji ilO- J^b . f(t)^F (z). £*iJ 

(l)/(f) = / ; '(z) = |!c ne i '" = |] CnZ ». 

-00 -OO 

iLX,) z jij (1) JSLUI ^ iL±~j 54.10 J bJdl US' 

^jJbJI ^jcJU iu-JL oM.lSuJL ^ci\ Uil UUi 61 

= !5, ^ UI J ^ ^->* 



Jl jJI 

(2) = i J /W^" 1 *--^ 



jli Sji».jJI S^Ib J»-b LJLJ^ JuJuJI JJL ^Ul jlS" bl 
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: *JUL ^sdJ t Ua^l <L JL JbJUj t £Jlj>) 5I—L. 



:U** j£x . 2 . ttJLJI £y? v~~J . Jtt* .74. 14 

1 _ 

oo oo oo 

2 cos nt , . sin nt ^ 

oo 1 1 1 

:4UlJ z /jl <y 

oo 


j 1 ^ r =_ 1 f-^-=-ln(l- Z ), : ^ ( 75 - 10 ) 
o 1 

^yLSJ-l jyJll JUJ j,. O 1 »jf 1 M U*^(l - t = ">) 

U y>j) [0, zj Olfil-dl ^ki JjJp J* J-«l& 01 l>J «^i -v^-^' 
^ -Ujt&u ( 1 ) 5JULJI jl . (—In (1 _ z)) ^Ul qwu" iJlJo- j jj^-i. 

(2) -ln(l-z) = 2^ 

I z I = 1 <>' 6* ^jU^» (2) iU-JI 61 <r | z j < 1 J^l & 
ol* X* JL, ln(1 _ a) gUI ol le - 36 - 6 ) z¥z 1 

JJT <ijcu <-~~^ JtlfcJI dlL- J^l Uli JLJ ( 2) SljUl Oli i»t£JI 
:(75. 10) „, = | „, | e iarg«, 5 JT ^ bjj .76.6 

In w = In | w | + i arg u> 
«L*SJI S .U* j iL_ji* jl» Im z >■ 0,t' i — e n d\ Duoj 

246 

www.alkottob.com 



: b jJ . 3. 14 JS u — >■ <J j^j IjVyu ^fs 1 — z 

fl- z | = 2sin-^, arg(l_z) = ±ZiL 

In|l-z| = ln(2sin4-) ,. f 

ln(l_ z ) = ln(2sin-L) +i^L 

" : «€(0, 2n) J>-l ^ t c,j 

J = -In (!-«)= -In (2 sin - +* 



00 oo 

2 cos nf t / r» - * \ "vi sin nt n — t 

— =-ln(2sm T ) , J— = — • 

1 oo sinnt 1 

(V - 24. 14)£ — <LXJI £j* J* J^ai! Ail ^1 £. 



3. 14 ji\ 
:^si .AijjJLil JjLU ijLo *84. 14 

( 1 ) ao" <m ' (t) + a lU < m -» (<)+...+ a m u («) = g (f ) 

•2jt. 

r^jy *JUL JSLi J JJ.I II* Ji, 

(2) 

— oo 

JUiiVi ^j^Ji ^ *;i ^t^ib .y^rJl c^UJU Uft . >y ^ 

: jjj ( 2 ) 4JULJI o ^» w !a>- lap- 

a a X m +. aX 1 ' 1 + ■ ■ ■ + am = P W 
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( 3 ) S "hP (ik) e iht = a u< m > (t)+... +a m u (t). 

— oo 

(4) g(t) = %gHe m 



( 4 ) J ( 3 ) oi^UslI ^.^1 OjU; . gUl j^J 

±2 i ±1 (.0= Js^l Js^j 

gh ~ p (ik) u h , 



i p (ik) =f= J*- 1 t Oj 
: jM u>il JJ.U JL% 

(5) w Zi • 

J>-l J* p (i/c) fJnO { lil .(^laiJ jy> g(t) t*^) LSJLL* 
J ^.JJ* J^" (1) ol» ...t ±2 i±l t 0= 

I P (0) I > c, \p (ik) \ ^ c \ k\ m (ft = ±1, ±2, . . .)• 

c|fe|"> 




P(«) 



OUli-. ( 5 ) SljLib tijidl u (*) gtdl oU I - 44. 14 JJuu 

(i) ijjui ji dUi jij . ( 5 ) auut j ij^ ij^ jitm 

: SJiU-JJ t^jjj J*- ^ y (f) J jaJI ol» >-T ^ jji 

( 6 ) a v< m > (t) + a^™-* (t) +....+ a m v (t) = 0. 
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JS^JI oli gljdl Ju v--^ ^ JJU ( 6 ) aJjUJU r UJl JJ.I Jj*i jd. 
J^U- Jl ^jj; ^ g| jsJI o Jla jl . ( 81. 13 )p (X) = vi~*- 

^jaJIu^-CA: == 0, ±1, ±2, • • = ifcJlS' lit ^1 2n^jjj iijjj 

.(i)yji«uu^jjjjijj.ivi^j ^ J*"*! -( 6 ) *kUJU 

4 A; = k u l>^^\ (J Afu J*- 1 ^ p (iAr) = o lil . y 

lil Jaiij lil 2n- AJjji bjji JJu (1) jli . . ., *, 

VjliJI J j>- AajLJ! A^iaJI ^ ji JLj)g h . = (/ = 1, . . ., r) <jlS" 

(5) SjUJI jli q = 1, . . ., r) * k4 = olT lil 4JI JJLJi 
a* us* t^ 1 ) ^^Wb ULdl cj U^l ColjiJL 

SbUJU bjja !>U I J JU-I y> \f Jii ^Jl aJU-I J /0) J^ 1 
Oli = g, Jss-f J- £ 9 0, i p (tfc) = 0, M olS' lil . ( 1 ) 
J^Jl! Aklkdl LJL v ( 1 ) AbUt J SjUJI dJdJ JU 
JJtf M ( 1 ) AbUU o! SS'i p (iq) = g q =Q:0\ tfj e-W J 

JiLwc j ^jji J-*>LJ aJjjjJI QU^kJI ^ Jc& . *94. 14 
* * 

lil .(4.14 ^1)10,11] JUil Ojljdl aJU J J^lk. jj^l II* 
oUTy |f /(x) £b t JWll J-;-. J* t !^f LLT !ASli jjyj Lia*l 

M (t, X) il^l Ui! ^« .ijj^jJ A^ j?~ J J?-Ju Alii I j9- 
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£tJt U j^JI <bUl gsa~J . t iLL>JUI j J£i qyo ^jjl 
Jsj^iJI lj iuut jUpI X* v-^So fcLj-iJI ^«u(t, 

V 1 ^ at2 — a • 

:^JU1 j^wtjcJ^l O^r^ 1 j*-* itaWI «Ju» J>- ^ . C^li a £~>- 

Jlu^l J£iJI ) u (0, *)=/(*) (1 
.(I..U-. SJljc^l ^v^ 1 ) a " ( °' x) -0 (2 

u z) ^Ul jsijjJ .^jy J— ^ JIf-i-U 5JLJLI oJub Jji ^.ji; 



: sin nx J* J tsU-^ 

oo 

(2) u (t, x) = %b n (t)sinnx. 

j ( 1 i^JU^I 0^> j^J' Ol . &„ (0 O^UU Jwo- L-U 

O^UUI d\ oUitf (2 

J*i~ y &n(0) = 6 n (3 
6; (0) = 0. ( 4 

:U£i U« IjjJ .(1) ibUI ol (2) gbll J* o^l ^yu^. 

(3) J!^fL = 2 h «W« in ^ 

i 

( 4 ) g) = ^ n 2fc„ (|) S in ra.r. 

:... t 2 t l= JS" J»-l ^ L,jJ d\g d\ Aaa^ (1) j£j 
(5) = — a 2 n a b n («).• 

:y> (4 j (3 ^JLtt/Jll (5) 5J.>Uil OJ 

( 6 ) b n {t) = fc n cos a ra*, 



JSJtJI (2) JJ.I j^b dJJJuj 
( ' ) u(t, x)=^ b n cos a nt sin rax. 



s 

1 
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OtojljJioUUUi CJIT lil U^i (4 ' 3 (3 J J&iJi JULiNl d^i 

>j 6r»ra 2 cos a nt sin rax 
» 

S ^ji-NI aUUl 01 &i |f .^jUs* |j \ b n | n 2 4,1 1 H CJlS" 

Jj^ll iSli-* IjiTj I jC~a f ( x ) ^Ul O^j Uju* AjjUi* 

(t _ 44.14) ^ta l^u- vUliJ! «&£., o&J jMj 

f(X) u(t,x) 




4. 14 

A CD 



_ @ ® © 



.A. ^ a v ^ 



JUiAl'^l v-ikj N JSlft j (7) JJ-1 olS^^IL 4JI Ji ^ 



1 "VI 

u(t, x) — -^ 2 & n [sinn(x + a*) + sinn(x— af)] = 
l 

= y [f(x + at) + f(x— at)]. 
^ £JS- **\>- J / (x - «0, J / (x + at) -i ^ **** 
£^ 10, n] J 1 ^' uii^cJUl i^U <y ( x - at) j\) x + at 
'\jL> I— a, Ol JUIIJ* /(x) J ^i>JI aljc/MI i^J t / 
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(1) SJdUll JS* (8) gUI JIJjSJI JL*. U : C j>« Jl> .ULa 

oL***jJI 5.14 J\ fjfru, .[11] AkSJI doa J_p- Jr-"^ 
W^Jt ol fWI £• i(8) jjs-jjl l^jjw ^Jl v^j^ 1 jJjiJ *J»jsll 

i3y 2r*j *^ *^ ^j'^ • y 

' r={a; 2 + J/ 8 = 1} • j_JIjJI 4-kJj_; O-Iij <? ={a; 2 + < 1} 

*=/(«) £^ S jSIjJI e JL» <jji »L£JJ1 JSLi ul J> 

*liiJ < ai-b (Jala«JI ^Jb" OjljJI aJU- J . t 4, ; UJI ajjIjJJ 
,jJI ttjUil £Ui~J .(6. 14 r J\)z = u{x,y) £b Jull J&SJI 
Ja*j j^fi ikx iwbjl ►L.j^ 1 J" lift U 

J^-^N <J->bu: S jMalkil 

gUI ^jLjj (81. 10 iiUilj; L^i I sJu Jju ^* J_yu) 

• T. ts^ 1 J* / (0 
i^jy SJUL ^ r —9- /(t) ^Ul jsU u (jc.y; iUN 

oo 

/ (') ~ T" + 2 (an cos nt + bn sin 
1 

JoA\ ^Ul JUL ujlii Sll J-^II (>«~ >jJI J~c~J 

.(15. 14 J dLJi ^Ju.) 2_ ,LsJI ^-aJ yi /(*) 

OO . "* 

( 10 ) u (r, *) = -f - + 2 r " ( a » cos ra ' + b » sin nt ) < r < *)• 
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oo 

(") "f + S(«n-i6 n )z n (r = |*|<l>; 
1 

01 C-SJ . Q. ^jSJI Ji-la ( 81. 10 ) ShU* JUL, 

2,1 i, 

H 51 1 / ( T ) ( cos w * cos nx + s i Q n * s i Q WT ) r" dt = 

1 — Jt 

Jl] OO 

= ir j/(t){4-+2 rncosw ( f - T )} dT - 

-n 1 
35.6 ^IjLSjvi ^-LL* jSl iUlSUlj w"; ^ 

t — J <L-»« J L ^UaltL 4jjUl4 jlu^U- ,ju <L_^SLU aJL ~ L 11 jl |jw 

• r<l. >l 




6. 14 ^ jJI 

:u- - 74.6 ^ M 

1 1 Yi- n cocjie 1 - rcos9 Iz^l 

2 T/J r ">s«o- 1 _ 2rCO se + r2 2 ~ 2(l-2rcos9 + r2) t 

1 

n 



(12) = J f(x)P r (t- T )dx, 
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(Poisson) *\y ^Ul LU ^ 

1 — 2rcosi + r 2 = (l — r) a + 4rsin 2 ^- , 

(10) gaJ /(<) = i (12) J ^ . t_^i J^l Lb 

n 

f i> r (T)dx=l. :Oil t „(r,0^1 
-". 

: jiJjti\ L-JJ i 6>0. J«H ^ *jf 

lim ( P r (t)dt = 0. 
<j\ & y Lb JSLiJI ob ^1^1 ^ _ 55. 12 ^^JaJI J-~kj 

^yji J r J* /(«) ^b J^ii «(,, t) c bJ« 

.[11] JUiljJI ^IjJl uiu* J o^p! jjl^il 
<u^»L.j ^ilij L^->j ^Lj a Jla tliiJt SJLw« ^/tV-*; ..." — >■ 

J* ^ {r < 1} u^2J' J*-b LJ^'y u (r, t) 

v J L. U ^ . _/ W .iU«U 5^1 ^ r = 1 -o^JUl 
r<l J^ 1 «>• V s ** cM" 1 aJU^JI ili^^ULI SUI^j 
^Ul 6 n j a„ 0!>UU* Jj£ .(12) j>-l^ ikJ^ 

i_A*aj jli ( 11 ) j>Lb" aJUL LI « ->■ oo.J*-l J* / (f) 

J Jii iLUl oj^i JUbj t 1 ^w»l O^d <jl ^£ ^ jUj Jai 
gUI <^l) (12) gUI ^yULU Uj> LLU UjU r< i ^jiJI 
Liily ImL" Li^ui (11) aUULl JL>I *>l Ul (J*dl Jii\p 
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UuU JH\jj g\j JJb . u (r, t). J uii^. w(rff ) 

«j lAlv* y (r, £0^' J^' J* • ^i' y y 

^1 lu» . Jiljll ^Ijdl 4wb /> r (f) o>-l^ l\y (12) j^jjl 

.(10) UJUI ijjJ- iiiljll ^(jsJI ^yf 

1 V n • 1 rsinf 

"2^"2j r smm — aT l-2rcos t + r* 
1 

: jjWJI „( r , t )| v> lkll gUI ^ Ui fl^J-I.J IjjJ (^ _ 74. 6) 
p*jd\ ijlJJ* J-» , ^-*> Jl^LJ . 5. 14 § 

^.ujli uji»; aL. jii ij^w bub- / (t) oir isi . is. u 

-(J 5 ^ 1 J* ^3*^ J" 1 * 3 J) S-^Li* aJULo JUffULI 

it 

sup f |JD»(0l*=«>. 

iL>U Sn ( f) Jibs* ^ JubT £s <j| jJLu 

((1)73.14) J, ^ /w 

*».(/, <)== J f(t + h)D n (h)dh, 

-rt I 1 v 

z, »( fc ) = -sr — h — • 

*»(/, 0)= j f(h)D n (h)dh. 
—n 
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i£l ObyUJI olft OlfliJ ol <Jj- ..." [— n, nj. J* oj^JLi i<JU*JI 

j|Dn(fc)|dfc. 

- £UL iji; tv iUi ~£ •*i l r ^ <i' (J - 17 - 12 ) 
ij>-j i() _ 47.12) (Banach - Steinhaus) ^ 

<y OjSj f (t), g\l ^\ C'(Q), *UaJI 

/o (*) gUI ^jy 3UL. ol dUi lijjjt j± s n (/ , 0) 
. t^O.XlafcJl X* (1>LJ j^) ijlfc, 

: aS!5UJI Jl XJlJll >j oil, 

sup ( |D„(fe)|dfe=oo. 



5 . * I sin (n + 4-) *l 



2 f i-*(»+tH 

Jl J h 



J* J^i (» + 1/2) A = « ^J- 

n (n+Vt)n 
-n 

J*l£JI JlpU »- ll*jra oo J*-l y LV^ '-C^ 1 ^r*^' -^Lr^ 

jjh U ^ - 6i.ii) (o,oo) JUJli J , sin ,,/, J ^l 

. **l£J^I II* 

•j^-J^ <s* l «j4JJ» £• ' fo(t) >yrJ Jl j& 

^ Sa*Lu ^jji oM«U> XJUL o|» £>J' IJl* 

9 gbJ ^jji iLJU J*U -UUJ 0' ( I96t) Carteson Oj-ljIS" -J tl>*M i>" "iri * 
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jjiull ^ jUJI Jl t^-ljlft^fi ^Li* fcj*-*- i^afc l^jUJ oSl 

' . u>,jji aJLJlJ 

U*JI oJla jjlf ^ J» :£J>* Jl> ^ .25.14 
Olt-jxll 3*4> ?(67. 12) Sj^Ldl J~}UI ^ J> ^ 

rUIJC^I 5JIkU j* Jlfcrtll J Ju^" j« (Cesaro oLJ-l 



■ « + - + " (11-1,2, ...). 



Jp /(t) Jas-I ^ 1905 t Fejer .J) ij^Jai 

SjJiLall 3-JjJ-l SJlsu ol» t ={— n < « < n} SjJIjJI 

h=-m , 

C-lim s m (*) = lim 'o (*) + ---+»n-i(*) = y (t) 

m-*x> n -K» " V ' 

: LoJ oli 73.14 J UJ» . JUjJI 
*»(*)= ( f(x)D m (t-x)dx, 



m=0 -n m=0 

»-» sin ("t + 4 - ) * 



m=0 m=0 sm "2" 



n-1 sin 
2n 2i 



h sin - j- 



2n . , ft 

m=o sins -g- 

™-i sin 2 — ft 
1 ^ cosmft— cOs(nt-(-l) ft 1 1 — cosnfc 1 2 

= ~W 2i o • 9 * ~ 2n „ . . ft ~ 2n ft ' 

m==0 2sin 2 -g- 2sin2-2- sm — 
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sin 2 n 



sin 2 



t— T 



sin 4 A ^ 



:Ol (1)0- C^-J a n (f) -1.. J s m (0 sioli/ (0 il, 
J «ft=l 

: 6>0,JS- >l ^ M 1^1 

J F n (t — T)dT= j F n {h)dh<£ 
*l>8 |hf>6 



lft|>5. 



— f 

Jura J 



|/i|>6 sin* — 



2nn 



0. 



Ua J£dJI ^ AJbi« oUt ^u* 51^ ol» IJtS^bj 

Oli OUbdl J* j> _ 55. 12 3L-L^I A^laJl J^kj .(I _ 55. 12) 

£>J-I ^ 5JU- JuLJ-I Olk-jdl iSjjJaj ol . 35. 14 

a* Ol .yuJJI ja .(^ _ 76.12) amjLma 5k-l^ 

lP T = \\9nm II jS^jJ > ^ 

£'x> ff ui II* / w - ^| iUL 

ai 4; I Si I cSij^ oUbu J jiXy oli^U UU, Ul 

Sij^: ^ SJIsui ff t aJU iJj*. <Jbi, j^j 

^ t^ 1 J~ks* -Sr^ 1 t5j- oil >uJ t ( 15. 14) 

oLwUI t c = | C0) Ctt C2j . . >} 3^ y^ t 

00 n 

T„ (c) = 2 QWCrn = 2j ?nmC m . 
m=0 m=0 
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T-lim c n = lim T n (c) A—^ 4 S^^* lim T n (c) CJIT jl 

oo 

Q = sup 2 | ?nm |. J 4* T = || q nm || Oil /icJ 

n m=l " w 

s (0 = {s m (<)}, s m (t) = f / (t) £ m (f-x) dx (m = i, 2, . . .) 
j^j-j t / (j) iwjL" ^j-jjj-i 3JULJ » jiiUsil 3JjJ»l /c^UIl SJhx* 



sr — 



2ji 

" n n : bjjJ 



T n (*) = ^ ^nmSm (/) = 2 Qnm j / (t) D m (t - x) dx = 
= J f(t) { 2 qnmD m (t-r)} dx = J/(x)<? n (i- T )dx, 



<?n(*)= 2 QnmDmit) 
m=l 

C>0^tt J^j lit .( 1948 Nikolski ^^-J^J . ( _ r> ) 2u^Jai 

n 

(1) \\Qn(t)\dt<C, 
-it 

^ t £ [_ n , ji], J wJL f Uttb lim T„ (s (<)) = / (*) oU 

J^-yi Ajli t viiJi ^ j^MI d& oi . f(t). j*z~j> JS" Jp-I 
6jJw T n (s(<)) oU^JI <U*-I ^ /(^ 

. f = J^P i ^ 

J£ii ?n(<)-tf>Ji ol c«sj cJa^ (l) J»>Ut U .JUjJI 

.bJi JS^JI oli 5Jbu 
: 2uljJI J LjjJ 

n 

j <?„ p) A = 2 9nm j An (*) d* = 2 (» oo)' 

-n m=l -jt m=l 

J»-l t j? .jiJLjJ ii^yUa* C-iS'jjj Sljj oL-^U- J-iij 
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It 



(t)dt 



n n 
2 ?nm f D m (t)dt < ^ l?»m|0«a, 

A»6 = | | D m (t)dt\ 



m 



^ j* • P««sup-Z?m« ^ iSij^tf ^ JUL, (23.14) 

Z> m6 < e/(2#) m (j-* ^uu> e > 

<y \q nm \< e/(2moD 6 ) ^ JV bo* dlJi .u, jbsi . TO > TOo 
^ji-A* j^L> Obli- J^aj j£jC y>\ lis. n>//s m^ m ,J*-l 

••' re > JV.J*- 1 -j~^.y 

mo » 
J <?n(0^ < S S |9nm|/>m6<-| + | = e. 



It l?« 



m=0 



m +l 



lim" 



j <?„<«)*=<>. 

i-.L.NI i^kJl (3~ja.ii . hb JSLi J (?„(*) ul ( 1 ) 

(JalUI VJ^ 1 Jl J^aJ J - 55. 12 IsJa J£UI Ob OUldiL 2u»UU 
o> Jj^ 1 »jf 1 oU ^ dJJJuj t / (*) T n (s (<)) SJl^uU 

iijjJaJi cr iLj ^ 3 \^Lm _ £UL JUjlaJ ,y jLi jUJI Ul .Ai^kJI 

. 15. 14 j SajljJI 

villi gSJ . ( 1 ) Ul» V 1 * Qn (') ^ ^ 



Jjl 



.ix*JI ^ (25. 14) 



fcjlj Jii t 3i>jt t5 Sj^ _ 94. 14 J UaJ> . 45. 14 

IT + 2 ( a " cos n * + &n sin nf ) 
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/ (t) = lim + 2 K cos + b n sin re*) r" } 
^jAj Oj~>\jj {jQAJt p*jd\ iij^Js Ai^kll o 1ft ^^-J . 

.OJuoUlil J^J-I J iilol .6.14 § 
3JLJ- L-J I jib* VliU 4 3J±dl 5JLsr Jic . o Jus 1*11 . 16. 14 

^ _ 34. 12 <j l^/L^j ijljJI dSJmUil » iSj^kj Sjubcdl ^i- J*jf-I y 

Jjiljh *Ui J Siar / t , / 2 , . . ., . jUL La ^JtJ 



(0 



g2 = «2l/l + /2, 
• ga = «3l/l + «32/2 + /s, 



gn == + 0712/2 + a n3 /3 +•••+/»> 



i JZa SJu.Uu £i £2. • • • iSJup-J 
»L_*oaJI J jC*J .(Legendre) jXJLp-jJ JjJ->- Ol . 26. 14 

/ s i; j a -t, . . ., /„ gijdi a* h (-1, l) JjU-li 

JL^J-I *UaAJ£„ = £ (1, t, . . .,' t")'J >. ^ . Ja^ oli 

261 



www.alkottob.com 



(0 ■gn(t) = Cn[(« 1 -l) B r', 

Jto-^C 01 1 16. 14 J SLilj^Jl SUI^r ^JUi oLtt 

J* .11 -«L^. » a_j^- jj ^ JJI ( l ) * jjj-l ^iT oi—; 

• 1, * t n ~K 

JJ=-* dr*J (< 2 - l) n = (t + l) n (t - 1)". J~*^ o> sr* • ^^J^ 1 

ri^U- .(3)21.8 j^J 

( 2) ' I(i a - l) n ] (n) = [(/ + 1)" (t - l) n ] (n > \t=i = 2 n -« !. 

~l dl J* H (— 1, 1) *UaJI J JnUu ( 1 ) j jjJ-l ^ o| • 

1, <, . . f"- 1 . 

l 

[(/ a -i) n r>)= j **[(*« -i)T u *= 
-i 

i 

" X -1 

J*l£dl i'3>cJL; J*l£j .3ii»>Jf J J^ISJ ojJ^ Sijl^l ajJJ-l oj 

(t\ [(^-i) n ]<">)== — r(«« — +1 + 
i _i 

+ k (k ~ 1) J t k ~ 2 [(t* - dt = . . . 

-l 

i 

. . . = ± & ! j [(«» - lyf"" di = ± k ![ (f 2 - l)~]<«-"-i> | +l = 0, 
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: ( 1 ) J ^si! t ^ I.LL . f = 1. Jj>-I 1 <£jLJ <L-.Li* 

( 3 ) ^(<) = -^ rr [(^-l) n ] <n> (» = 0,1,2, ...) 

/m*)=<,./mo=4(«'-4), i»,(*)=| (/•_!.«),. 

l 



= i^- 1 ) n i <m [(^-in <n - i, | 1 _ 



j [( <2_ irr+ l) [(*» _!)«]«-» (ft. 



Sjj^JL aJUISUI SJLoly: . 4lle» ^1 J*l& ojJu ijl^JI 



-l 



(ft: 



fP p N . (- 1 )"(2B)l r,. (f + l)n +1 |i J. ( i + l)n+l -i 

lfn ' Pn) - 22n (n!)2 [_('-!) „ + 1 [_ r » j( t _l)«ll^J r - ( ftJ = 



(-l)n (2n)l(--l)nnl P , , , _ J_ 



(* + l) 8 



2 2n 2n + l 

-1 



(1) || P B || = V(P„, p») = y- 



_i — 2n + l ' 



2ra + l 
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:^UI Ul^ 4*oU- jJ^^J - tJLJj^ SJULj /(<)£H(— 1, 1) 

1) /M~ S YnPn(<)- 

n=0 

v-— * (jJ^r^ - 0*>UU^ ) ? n O^Uil jli 71. 14 J IaJj 

- 1 

3UL jl tAjJuiiJt ^jji J— ^ 42. 14 J JU-I ^ ^vJ 
: Ja-jiU f ^ / (0 Jujlfc* ( 1 ) jXj>-j} - ^jji 

n 1 n 



ft=0 -1 fc=0 

. +oo Jl n Jjjj Ux* IJu j 

ll/ll 2 = luWdt^-^M- 
°- 

jXj>-jJ _ ij>jji ^JLJLi <_j jUij 4*^UM ObjlaJI ^ j*aj ijy *56. 14 

.3.141 

:J£iJI jJ^>->J - ^jji iLJU 

M0-iYAiM0 = 2^±^ f/(T)P h (T)dx = 
-1 

= t/ws^+i) n( Y fe(<) ^- 

o 

( Christoffel-Darbou ) _^jb _ Ji^w^ Silki* 5JL*JI oju* 

:(11 .y^dl 

T (t T\- H±l Pn +i W Pn (t) - P n (T) P n+l (Q 
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/(0€.H(-1, 1) ^ lil :5JUI 5,JiJI J* 

/' (<o + o), j r (t - o) J-^Sj * = to e (-1, i) 

to AkUt Xs- X)j\l^» ( l)46. 14 jJ^sr ji ^jji SJLi— ol» c^rf~* 
VJ^" obj.^/' ft, + 0)j/' (t - 0)^£c [-1 +8, 1-8] 



JS" .up y , (<o _ o) /' (to + 0) ] > ( 1) 46. 14 XLJUI 

. (Objase / (f + 0)]. J [/ («o - 0) ) JjMl Ja*JI ^ki; 5kU 

.(24) J ij^kJI «jtft J* UUjj osi 



r^V^i aiiw j>- juy .(v - 94.14 ^ij) sjui ylai ji 

a»M a 2 u a»y a 

tSj^JI 5iU- jj* u £^JI vi«ar r a = a: 2 + i/' 1 + z a <1 1 * j 

ijljJb Sll jJUJ V jl\ u = / (6) Slk*it pSJI i r = i J*-l ^ ^1 

. z .^,bJi jyij {x , Vt z} ^UiJi i^iSLt, j\ e . 
oi^jvS" jij /(e) jw jwu ijj u 

• cos ; ^-H 1 

/(e) = Sv n p n (cose), 



: t^^s- u = u (r, 0) *_j jUaJLI ^LJI Jp J^arf. 

u(r , e) = fWnr n P n (cose). 

o 

5ju»bo JL^LjJI •Ijjr^ 1 J . t5 ^p-t SjloUl* Jj* . 76. 14 
J-J-l o 1* JS* J* J*aai . *ilbc-l U jiTl Jl La jJX . S ^ 
eJL- WUjU— oo ^ a < a: < 6 < +00JU Jp ^ :V-£JI 

H P(x) [a, 61 t« U ' ' UAJI f- 4 ^ (•J* 5 

.[26] ^ ^-Ij * 
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(/. g) P ix>= j f(x)gjxjp[x)dx 

a 

f Ul lfi**j ijjfi SX.UI 4i»> t> a . ) x 2 f . . gljdl ^ 

• 16 ' 14 4 

J* JLU ^Joj J^i />(2)b1, t b = 1, .i fl = _ij>!-1 <y • 

: ( Tchebychev ) o Lia-JLT a j 
7" n (jc) = cos (« arc cos x) ; 

va-'» I — « J— ^ cos ra* ^J-^ 1 <i' ^J^-l Ol^r^ Jj-x^ 

*UwJI JS"l£w» H p(3e) (—1, 1) *UaaJI OiUs- ' x = cos f, 

• H, (0, n) 

P (X) - Jfl* (1 - J 6 = 1, J 8=0^' j'^ 

£^l^ J* J^tf. p (x) = e-* 2 , j 6 = oo, j a = _oo,>l <y . a 
rr , , _ , (Hermite) c^aa jj-Xp- 

J* J*a* p (x) = e~ x , j, 6 = oo,} a = 0. J*-' ^ . j 

:(Laguerre) ijJ^ 

L B (*) = C B e ae [* B r*l« n> . 



. («22» (v^' ->') g'j 3 (>* ^ji' SjmUiLI J*J-I 

.[19] j [25] J SJubai gljdl JuJ- l^p ^jttJt 
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<L~L, <^~~>- o < * < a, J n/4 -} ^jLil j^a jaJI gUI jJLj . 1 

.1.1 1 . ji 
1— 3 + 5— y+ — - T . 



1 1 1 . 1 1 1 iL 
1+ T _ T _ iT + T3 + l7 •" = 4' 

1 5 + 7 11 + 13 "' 2 V§ 

14-1+1+1+ — 5. • 

1+ 4 + 9 + 16 + *" 6 ' 
4 + 9 16 + " -s= 12; 

. , cos x . cos 2z , , cos nx , . • 
sins . sin 2z . .sin nx , 

-r~ +nT2- + -- +_ Tr-+" (v 

t C (— n, n)T ftUoiJI J ^jji SJLJLJ AJ>fl £r*kf«-l' C-iSLi bl . 4 
. j»Uai»b AjjUi* (^jy iUL. jl» (I - 39.3) <ui 4*jJ? 

Ujlj^ Ak2J 4JULJ V (J* i>*Lrf • * 

. LJj \ju\j jji>ii,\ f (x) Oj£*t 

f (t) g\j ^jji 3ULJ 2 jJpLdl ol J* . (**^ ) . 6 

:3JUi J»jjjJi f w UiU oi ^j^; . 7 

/ (_t) = / (0, ; (0) = 0, / (n - t) = / (0. tf'/W'/ (« + 2n) = / (t) ; ( l 

• o< t < a/2-; cH «y ^.Ir* >J >^ >' W ( 3 
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J^Ji pisJll 5*kS j! ^1 t limtl^L=0.(4 

(7.14 rj JI) 



Si 



sin ni 



1 




iLJL <d iwtd ^li* VI i7 j^l U. J^l .8 

.Ulk. 

r^jji 5LJ-. aJ /(t) gfc VI t 7 j^l J*. J^b .9 

oo 




:j (76.14) J2J C U p(x) JZJ 



10 



On (*) = a R i" + Pn* n-1 + Yn-'t*"" 2 + • • • + Y& n> 
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( 1 ) xQn {x) -sSr ^ {x)+ £zL ir ±L 9- w. 



2 (*) 0ft (*) = gn(*)g n +l (*)-&, (0 (a) 

fc=0 «-* 



IjU^ * jjl Qn w (B> i) ^ 4il ^ (-us) . 12 



[a, 6]. JUJll J 
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jJjl Jju 1750 Ol>JI j v JuJdl yjJI JiUJI *LJI 

°J^* J* J* - £^1 oL>>; Jj>- j_p^c ^JJI 

J£J CJIT .^1 gly iUL, [0,2*] JUUI J* 

jAi Lot tiJl^^l oJla ol^^; U^*>- 1>L~I Jj\ 

1805 Sll aJLJLI ol* J vl^j |l <dUL oM»Lv JZ+z* 
(I _ 12.14) (i^jji 0}l»lv. » ^JL-j ^jji ^.ji Uju* 

Up J^ai- <JI ^ Jp JJLxJI Ol^laJ Obj^" ja I ^ t 19 

^L" J c^jjJ>j USJi c-iS' iJJb> SULJ t lo>- Ijl*- t ik~~j JLISj: 
^Ul jrf. iLUl J* jUjJI ^jji ^la^j .^jla** JLli* 

( 1821 iJ^jS) 5~d' JujUslI Jp i^Mb 1829 3L. C-ITjja 

- \y. d>> J* j*z~*a ^L7 ^jji aUL jipLJ J^j <y Jjl . 1880 
j^l>-jj t-S ji» ^ « jJ^ji ijJu- 1^;^ i) cJUol .( 1879) oj£* 
ft JiJi ^jj .AiJj^JI oUIj^I o-^^ ?JiLv* JJ- 1785 3L. 
J*-j . 1815 3L- ^Uujiji ^ (3) 26. 14 g^JI j^jjl Jl J^, 
Os^jj iJJUtdl ^IjiU jJd^-jJ jjo*- Ol^lTjij jsUI ( 1862) jUy 
t>* ^1 .oUI aJULI J ^AJI II* ( 1908) Hobson ■ 
.SJuUdll jjiJI 5^ L-Jua (1911 _ 1906) O jJLa J(^l 
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15 J-aiJI 

juL.-i.yv jiJI 



Oliver Heaviside 



Ajjtfaj ^j^S J^l&f 1. 15 § 

i-£\j£ 2n aJjjj ^jji <p (*) JjJLX Jujj Uju*. 11. 15 

'■tjtjj* 5JLJL. (_j j£ As^j Ujli oLSil^j 

(1) 9(z) = 2a n e inx . 

-X^-U <U Zij~s\\ ^jji aJUL <jli 2jl * *; jj> jJU; lil Ul 

(2) cp W = Sa 7l e' n T' 

— oo 

(3) a n = -±r J 9(6)^ nT *. 

X 

J^^J e" ,n T J (2) 

. nZ Jl — nl ^ a: 

:ol (3) j (2) j, gij 

°° nI in **~ 

(4) oM-srSf [v©^ -0 *. 

J* <p(*) J*" co^l oi tjir ^ ciUij (4) 
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4,1^1 Ji j&tJt jul^i ji .ou*iy v^ 1 ^ -Jurb- °°< x< 00 

00 00 
( 5 ) «P (*) = ^ J da { j q, (?) 

- jo — 00 

00 

(6) '^^i J W* *** 

—00 

no t 

( 7 ) q>(©«- 1B8d 5 

-00 

^-jil ot>LL&JU ^UU J-^iJt J (7) j^l.jJI UJ Lj^ 
*J ^ CJ *w ( 7 ) jji-jJL tJjuil ip (a) gUI 01 ^ ju 4 ( 23. 1 1 ) 
(6) j^aJl . <p(x) g'di ^gtjji Jj>\£j j\ ^jjs 
V .^jjjJ v j^ 1 ckp*^ 1 ( 6 ) <jl U«il J^D i^j^J c-lSit 
^1 SjLAL, Si (7) J^cJI ^ gjiyi J (6) J^l JUdft 

.l/(2a) J-Uilj 

t (5)ll. 15 j^-jJI J JIJUsW 

^ *j ( j—*-J> Ijk— *j t(5)ll. 15 ^j— k-~> (7)11. 15 o\ ' 

. <p (x) ff UI J* J»j>UI 

^ (jl diii OLi ^ . —00 < 2: < 00 j_pJJ JS" Jp HUa> 
—oo<(T<oo^ J gtf JT j^l ,y (7)11.15 J,t£dl 

<y Jj^l iJjiil jb . 1 o| -»- 00 Ux* _yUJI Jl a J^l 

l*(°)K J|«P©|d6 

— 00 
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iL~jJb jJidH jlSJl ^_)k-u 9 (x) ^bU iSJikll JJUt^II 3JL15 oj 
74. 11 ^UU (7)11. 15 ^jji J-lScJ(-°°: V-^ii 

^Ul £Uj e i<J 5. jlj^i-lj 34.11 AjjlaJt SUIjjC J 

t Ja~> < 3 J*- 1 CS SJ ^ 1 J* OUjJJ . i|j (<r) 



j |«P(E)|d6+Jl«P(DI^<T- 



do Jbrji *2I tf>- * I— i4, 4] Jb*II J* 23. 14 3Si»jdl u~^l 

' a 0l <|o|cM 'M 1 tij&t ^ 

.4 

oo —A A °° 

Jq)(E)«-»edE|< J j <p(i)e- i0 ^l|+ j |q>(E)|d£<e 

-oo -oo -A A 

UU- U-^. (5)11. 15 jjt-jJI J* oU^JI JJ . 31. 15 

— oo 

-dLTL ^jS-ii-l pSiJLI J* 3JUI&U y j ^il ji\ d\ 

^> jLi; . ( 4 = 0) x±* A-iL-*^" i (p + g) io-UI iJ jf-u J^i ) 

:L;jJ .^L-^J .V - 71.11 {j* Ipl J-lScJI 

00 

7 „ f f cos g*— cos pf . sin gt , sin pf \ , 
i"- * +l ~T- + l —t-} dt ~ 

= j cosgt-cospt j sinj^^ 

— oo — oo 

— OO 

jbl Ul J-lScJI ^iljJi gUI J/ill 
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;ljjJ 4 iULf ZL Joj .(1)33.11 jjl-jjl UU-C-I JuU ^JUIj 



-t -r — t 



d< 



^1 J.lfc» 01 ^ 



J l in f at -df 



t(»-> - 94.11) o < a o -><r a i^-^lJ 5— JL flkuu <ujv 

1 cH <y ^j^. T ° 0< 3 J*" J»-i <>• il*1 

:2V <^ ft* < <? 




(2) 



e iqt _ e -»P< 



< e. 



^Uiill 5pUa, laJj (5)11.15 j^jjl Jp jUjJU Jiuj. 41. 15 

: ZLjs apL^ aJUI 



j I cp^ + O-cp^) |^ <00 ^ 0< 6 

|t|S6 ' 

: Ljjd Oj£j 

q oo 

( 1 ) <P (x) = lim ± j { j q> (|) e i0 <-*> dg} da 



p-*-ao t 



0=-p -e 



'c£^rS" 0<: ? <.0<P J*-' -O^^ 1 

gi 00 
o=— p —00 
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:44. 11 I j a J -L^il ^IfcJI v-JjJ 

— oo — p 

JviA, l£s . , _ 5 = t Jkjyd\ *kJ* J^i 

■di \f <Pp. 4 (*) — <P (*> 3>U SjLiMI (1)31.15 

oo 

(2) <P P .,(*)-«P(a:)=2Hr J I<P (« + *)-? (*)1 e ~^ dt. 



t 



oo " 

(3) isr j =-sr j +-sr I ^> 1 )- 

(4) -2- j + j tf--^ J 1 *■ 

J— «L_jJI t J L_juL; -uu^a, iJULiUl J_X q> (*+ t) o\ Lc 

(4) J jliJI . 1 ^ ? - p ^ ^ j^j, 

.(2)31.15 J^u, wUU ^Lj 
:J^JI J* (3) j Jj^l ^jfc 

j y(«+0-q>(»), (g i g «_ g< p« )dfj 

JUtJI J* UUk. %15 ?(*+')-?(*) Ul oir u 

S^dl >*Jl J| Jjj, jcLI (Jut jli (!jJi J^i) Ml<r 

:^-J t q j p U 23. 14 

( 5 ) * lim <p p , , (*) = <p (a:) 



p-*oo 
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Ja-ji) IL-JL (l) J-lScJU jJisUI V- ,ULdt Li,l uU jJI II* C^j 
L»JUP dUij-oo < a; < oo : ^iiJil E lijjS- *P jJ? ^> jj ^jJI * 
Uaj! dLJi C*~j 4(53. 14) apj^hII » Ju Jp ^.li&U i» JJbo 

.^jji Ju*y.i ti JUJifU i^kji ^ 

"il 41. 15 ^kJI ol* ilaU X* J* J2*o 1 IS! . 51. 15 
JULI |<r apLu 9 (*) £UU J. ISO u^. ul 

(p(ar ) = lim(pp. g (a;o) = lim^ j { j cp(£)e iDr <*-£>d|} da 



P-+00 

g-*oo -V ~°° 



p 00 TT 

•Pp. p (*) = i J { j <P (6) a***" ^ 

- P -CO 

<y bjj .(2)41. 15 IS^I . Vp ( x ). -1 JJfcJLI J LL 

( 1 ) »p(*)-ssr f «P(*+^ ^if^-siA 

-00 _oo 

= C5*J '83.14 Jujiidl jU^ ULc JJU l^U^ S^k; bjj 

vi~3 t <p (x) ^bdU JjVI ix»JI ^ £kl? ikl) So ^ScJ . h Joj 
Ji* U*^ jlS' lit . ip(i + 0). j (p (x -0) Obl^jJI j*ry 
:iL>M«lSaJI VJ^* 'M 'if"* V^^f"' Uju»-jJI 

*o+6 *o 
j | <p(x)-<p(x +0) j d ^ j j q>(j;)— <p(g — 0) j ^ 

*0 3C0-6 

p 00 :M 0V» 4Q < 6 ^ 

<P (*b) = ton <Pp (*b) = ton ± j { j 9 (£) «««(*-« dgj. da , 

dUi UUi ^ J,lScJ ioLJ-t Olk^d! o~^l ^jJJ . 61. 15 

i» ji> ,y>\Jii\ jjJu dliij i^jji 5JLJL (j^j-^i 25.14 J 
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:(51. 15) «p p (z) S>Udl OSUociJ J^IS^JI .k^l t ouJ, 

(1) \<*i(x)dv. 



(1)51.15 j Sjjl^l l^i^ q, v ( x ) Jj^ 

a » (*) = J { J 9 (* + ^ d 4 dv = 

— oo 

-co 

— 00 

oo 

jF w (0* = l(2 

. < 6 oir u* iv-^oo u f F N (t)dt-+o (3 

. V - 94. 11 J (2 SljUl J* jUjJI f .5 ^L, ( 1 4Mjf I jUI Jb 

:5j%JI (2 SljLJll ^_jk~J 

oo 

(3) 0w ( x )_q,(«)= J [q>-(* + 0-«P(*)] f w(')*- 

-00 

(U&L air, uik. u.t£u %b <p (x)' ^wt? iii 

A^ljUl Hk8 ii*«JI 5<8 lUI 4 5<4 Jf J^l ja 4gkl>J tJt J^VI iylil #i ( * ) 

| Q (X + 1) ..Q o >| <4 
..Jujidl Ij* J E i»^t— ^ ! jjjwilU ^.Stf M X+t ik&JI Jl ^ .R,3t j E3X Cllf I,*. 
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i^A g£J vl«<t 0<8 <3 tM 0" -O^jJl 

I a w (*)-?(«) I < J \<p{x + t)-q>(x)\F N (t)dt + 
+ ( \tp(x-rt)- V (x)\F N {t)dt< 

J 

[t&6 



<4 f F w + 2 sup |q>(z)| ( 



:N <CN J*-' Cr* 

^ V-^J J* 4^ -71.15 

Uik* SJLalSUJ Jj15 q> (x) ij) (a) ^jjj cjIS' bl 

jli Jjj-1 ^ <4j^C4 t _oo < x< ooj_pJ.I J* ^kidb j 

C^U ^ «CU Jb? JS" Ji-b <P (X) °N ( Z ) 330 

J* 4 4;^u JSliJ tp (x) ^hli ^kiu J»ttj oi j? 4 <p (*) 
.2ujJaJI J < r i J M\ y>j a j^»bJI jjjf ^ «ci4 JU J5* J 4 jtS^l 

^ijji J*l£j ^ jj>! oLjIp- . 2. 15 § 

— oo 
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: F -1 -> ^jji J*ISJ ^^lii yj 

oo 

— 00 

i-blij I x 1 <» U (p(a;) ^^L, j;u ii^Uil . 12. 15 

U*l£LJU JjIS (p (x) ^jl; ^ (0) iJljj* 2J_^ ul fUJ 
Jl J jJj — oo <; o <; oo to —5 j .». " <.»-*j ijj^ ^jU laAW * 

dLJ j — T j <p (a:) jl oNI ^j-Aj . I o |-»- 00 U j-i^ail 
. — oo<X<oo j _pJJ Ulka aJUISUI j'^Laj xq (x) 

o\ il t<JlAaJi!>U Jj15 ^ (o) jl J^aJI jJjc^ 

r^jy J^>l5oJ <* Ja^jJU i^Jb J££JI JUii^fl 

oo 

f cp (x) e -W3C da; = i|j (o ) 
I _ 54. 11 J^iib c J 5-~JL flliJbj Uikt ujlidl 

oo 

J.I esdJi^ jy* ^ Jj^ i j u 0^ 
ijj^j j^; — o Uji i|>' (o) <jl . 5Ju>j>JI 

£jU ^ j oLtfLJ | | -V oo J#-| ^ ^iLaII Jl J jy_j 

Aj ~J\ c. 51 lit .L-Slk. 5_JL*L_Sm J_JL 

4JUL5UJU aJLIS x<p (*), x 2 q> (*) (*) 

Uli «p (x) ^Ul IAS'j - oo <*<oo ^ liUa^ 
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* (a) = F [<p] ^kJI ol t^>- i JUiA^I JUL^I^. ( UaXwJ 

: j_^-jJI L,jJ t i o |-»-«> u j ( Jjjjj Sajji^j 

[q>] = F [x*q>] (£= 0, T, .... to) . 

OLS^> J^aj F lq>] = if (a) ^U! jli (to .-= 0, 1, . • •) 

JXw> JS' jl jA*JI ^> JfT ^ ( a J ^Jb) 

cp (i) ^Ul ^^aSLu U jJlaj <U! oil _p 

. 

^(o) JjU^I OL^U- <JS j} 22. 15 

?(*) ^Ul Jp v 1 -^ 1 ^Jj^ 



LJl^M JjU^Nl J-i M ^L" q, (x) £.B i|3 (a) ^jj^i 
r^jy J,'\SJ 01 dUi .Ujl JJ* y» J, 

oo 

^(ct) = f (p (x) e- i(J * dx 

— oo 

s = a + i T Loc^j lil :4jJla*JI a ^bJl J^l 

:J[a (<j\JLa>- t « a ) 
(l) iK CT + iT )= { 9(*)«~ te ^<k= f <P(*)«~ l,x «k 

— oo — oo 

^Ul jl .s _j o^bxJ Uyj ^JJI ^aa*JI ^jiJLI <y 
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xs- JJL^ £>\3 (.aJs- LLa*- ls c^UajJI jJcuJU 

j ^Uiulj t^jli^ J-olScJI o\ dJJi tiaj^viJl J^'-5 Akij 

3 JjJ^ *(«) ^Ul ol .v» - 54 11 kj=^ ] 3^>. v5l3i 

:uSl ^ jr 

I *(*)|< j |<p(ar)|el*ll*"di<: j |<p(*)|«M*ldaj. 

ju£ kJ jU^> (S) = Tj3 (CT + IT) £»UI <jl Jj, 

. 21. 15 oWjclJ J ^US jJjdl ^ dJJi OLJN 

<p (x) e 6 !*! <^ ^ 4 4A*aj 

—A 00 

j |<p(*)|* b l*lda:4- j |<P(^)l ebXda: <i 

-oo A 
A A 

j <p(x)e~ isx dx= j q> (*) e T *e- iCT * dc. 

-A -A 

: 4>ts~\ Ja4 Ajl (5)23.14 c^^ljUl y> J^Sj 
( 2 ) | j qi (*) <T is *ds | < 240) [q> (*) «*, -p£j-] + 



-A 



t 1_a', A] <p (*) 

M A = sup I <p (a) | e™. 

^ cjjU^. ^ (2) ^ cJ>ji j jj^i o! 

(a _ 71.5) t J>-l 

2^03 [<P (x), ^j-] eA6 + 2^0) [>*, ^] max ] q> (*) | 
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4 \o\>o Q J— ^ td^4 <x jL^I j^iLc .( 2) 




: 21. 15 J JU-I jA \g 4 |a|><r J»-l dJJS 
| j (p(*)<r i8SC <te|<e 



- 

AjL^^t Juf- ^y&lZ jj! q,^) gl^JI ^fj: . 32. 15 

4* js-j Af (i) Jolj^> d^*- 4 <p (x) e M W, *\jJ~\ LgJU»-l 

- 

J* M{x) i y^ t ^J,\ .Ja^ ^b" ^1 AS-j^t 

(1) M(x)=Jm£) d & (0<x<°°) 

o 

j n (0) = o J — £4 ^->)y^ ^-jU fi (g) d— 

. Af (x) = M <— -x) £*aj c_JL* x J>-l 4 (i (oo)==oo 

CjLs<?U- ^JiaJ Ju-aS oJu j 
(Young) ^ ^»_^ ^j^JI q (t) ^Ul ^(jl^I 9(x) 
>a M (x) ^bi) ^ j^iX <J j^JI : yaj 4 M (x) ^bii 
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T 

(2) Q(x)=jMf)dt (0<t<oo), Q(-t)=Q(t) 
o 

45!5U dU* . n (|) J ^S*i\ ^Ull x (0 

ol^ui 5JUI i«H J Jjus; ^Jjj c^fAJi ^o^' ^.s 

:(J> - 16.9) ^ 
( 3 ) < AT (x) + Q (t) (x >0, t > 0) 

( 4) j |<p(*)|e"<*>d:c 

JJUi ^.L" (p (x) ^hU n»- (s) aJ_^ Lf£* 

(5) |^(a + ix)|<Ce c <^ 

^ ^uJ U~>w> LLU Uut" +(») W .objJI 

OO 00 

I ^ (a + it) 1 = 1 j cp^e-^+^cte^ j j <p (x) J e M <*>el T H * i c -m(*> djc. 

— OO — oo 

:Jp J^a^i (3) ^jr^l^ ^1 J|p jJaj 
1 x | 1 t 1 — M (x)< Q (t) 

-oo 

:Jp«2J» q>(«) 5b U>l lil 

OO j 

j |<p(x)|eP lx|P dx<oo, p>l . 
| < ,(a + /T)|<C I eT' T|g (l + l=l) 
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1 J* q J p oP-^ 1 0' Jl ^ . ( J* _ 16. 9 ) 

J OjIj^> J <p (x) jl I ^1 ^ ^aJ 42. 15 

Lj^aJ ol^ l^; 1 ^Ijdl g\) q>(«) S^jjoJLI J-oljJ.. 

. <U^lsU oj^r JjJI Uj^-j ^ ( |x|<a JL«£ 

•tf-^* • |x|>o Js>-I ^ fJi*^> <P (*) J* Oil ^^aJ 

+ ]<p(x)e- Ux dx : ^J* ^ <^ 

—a 



:4JUI 

- 



(1) |H>(° + ")K J|<p(x)| e l^l'!dx< 

a 

JA4 y(s) JJd gfc ; C= J|(p(x)|dx 

. a> Ja-o-Jl Uj^u/Uyti ( 1) a^-IjUI 

AjI^!>UI <p {x) ^allJ as- U jJlaj I jSJbj 

So* Jr^" c^' g'y^ ^Jj^ Sj^Jll ^ (a) ^1^1 ^ 
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JS" J^l ^yi e«/T/ as- ja Jil <P ij J 

.(10 JvaiJI ja 24 jj^I ( «rlj)o<a 
t 4PjwJI J Ju\yX\ Jpj^ JJuj iO^I .52.15 

^jjy SJ jzt [fj 0' 42. 15 _ 12. 15 u-**-^ 

. jiS'U j^l Ju\jJ (j^aSU; i»jjJ> Jl q> (*) ^L? 

Wait j o "r ..a " .7. t 

: ^Ul t^i (>* •— oo<o;<oo 

q> (*) = q> (0) + J q>' (Qdg 

^ I<P'J = j q>' (x) e~*° dx = q . (x) e-™° p. + to [ q, (*) dx 

— OO J 

— oo 

1} ACJuqj F lq>' (*)] Ol M . iO J * (°) = F [q>] 

^j-*^ LJLdl S_J%JI LjjJlJ Oli ( ! ff I -»- oo LI >*aJI 

m l°l l°l 

4P js*> (j yu 4P j~j J jjd c ^g ^i I CT J °° U ji-vdJl 
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(l) F[( P <'"(x)> = (ia)'' J F[q)] (ft = 0, 1, .... m) 



* 



v z / ^ [<pl = — rrrs ^un> 



<jli 4jIa5o U j-9 (p (a;) £^ O^^i U.UP <W?U- 4a*2j 

( 2 ) a* <£ s • UolSUl Li. I JX" ^Ul I Jl» ji liyz 
ja UIko aL.ISUJ %15j b^*-y> q> (h ' (*) ol^ lit 

U , ^yasllj + (a) «tdl OU fc = 0' I- 2 JS- 

OU^-NI JJL N 9 (*) gUJl 01 o"SM .1 .62. 15 

)y|<6 Ja^*> J J-U Ail Jj u^»ti LSl^M 

diS'i Jl 4iL?l ^ jij . z = x + iy ^Oa*JI vf^' c£ 

/ 1 \ lim <D (x) = 0, f (D (*) dx<oo 

—00 

to! 2/ J*- 1 <y ^ 

(2) ! <p (x + iy) 1 < (D (x) 
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y> <p(x) ^Ul liyz (jl (>■ J) t$>- 

«. \y\<b JajjsiJI J ULJ^ / (*) 01^ b[ . iiby 

( 3 ) | /(*+;«/) | < <D (*) 

J,l£dl jU t ( ( 1 ) ^^Jl Ji4 *W ) 

oo 

(4) j f(x+iy)dx 

— oo 

JsU ( 3 ) j ( l ) ol^jwdi ^ji J / (x + ty) 

r ^Jl J oJil ^ = ABCD ^ ( _ 6) b) 

:LjjJ 23.10 hjal y> . 1. 15 

' 5 ) j /(z)dz = ( /(z)dz + j /(z)dz-f j /(z)dz + j/(z)dz = 0. 

L A B C D 



X 



-b 



115 

| j / (z) dz I < j I / (z) I dz < J <D (R) dy = <D (i?) (t/ 2 - ]/,) 



Ml 
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[f(z)dz 

D 

y> jR —*■ oo U Jwl^ OwLxll J^IS^JJ o| 

J f(x + iVi)dx j _ f f( x +iy 2 )dx 

-°° . - CO 

:J* i?-oo U ^| J| ( 5 ) S | jUL , J JfcJ^ 

J f(x + iy t )dx= j f(x+iy a )dx 

|*(a)|<(7e-^« 

/(«) = q>(«)e-« rt 
l$J L**jP lil (3) As*»-I^LI l^JU-l ^ Ji^" jjl 
: Jbi (.SiUjxJl Liij . <1> (a;) e° 1 6 1 :_> 

OO 

( 6 ) + iy) e . ia(x+iv) 

— 00 » 

— 00 

00 ^ 
|1>(o)|< j |fl»(x + iff)io"Mi = ^» jM* + «|<(x<e«U(*),fc 
- 

: Oil — tsgna U, ijl^JI Jl La JliJ^b 

J-JaJ ol» t( 6 Jiio Ol gbU jSu: ) ( 2) j ( 1 ) J» J-r £jl 
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Jaijvi J J-L <p (x) l^v^wv* ULU Uul; dUi juu jC*3 . 72. 15 

: yJLiJl I » I < b 
\ ( P(x + iy)\<e Q (v)($ b ( x ) 

v 



• x (oo) = ooj M0) = oj*4 -^Jj=-j to) 

(1)62. 15 JjJpjJUI <D 6 (») gUl jl i 6 JT JsnI ^ i J> jki 

. \ y KftJaijJJI J 

: Q to) f ^ (o) ^ 

cp (a;) ^liU if (a) ^jji Oj& li* ^jaJ' • 

f*(o)|<C«-*(o) 

«, : (6)62. 15 bjj .OUjJI 

$ (a) = j <p (a:) e- i<J3e da: = j q> (a: + ty) e-*«(*-Hv) da; 

— OO " — OO 

•• (b>\y\) Ji^l viUi ,>* . y JT J>-l ^ llAj 

( 1 ) 1 1|) (a) |< J eOfrhPt (a:) e°v dx = C 6 «0(i')+«v 

— OO 

cry = — | cr f f y | Oj£* J/ 5JL>j SjLil jti 

I a | | y | = jw (a) + Q (y) 
289 



www.alkottob.com 



l*(»)|<C6e-M(o) 

.A 1 bn^w* LU* bub" cp (*) I ^1 j,SJ . 82. 15 

\<f>{x + iy)\<Q> (x) tptvi 
. ( y jbo "ilj ) ( 1 )62. 15 ^ytjl Jl (D 

• I or | > a J*- 1 <>* 
:( 6)62. 15 ■ r ~^ L,jJ .olAj^JI 

00 oo 

( 1 ) j <P (*) e~ iax dx= j <p(x + iy) «-*<«*-HM dx 

— OO — OO 

:(1) oix* . oy = -| a | |y | 

00 

( 2 ) l*(o)|<«° v j <D(xU ol »ldr<Ce(°-l a i>l!'l 

. jikil y>j (. tJj (a) = o J* 

LUoaJI k>.<all> C.....J 82. 15 _ 52. 15 

Lij^i cJUaU ^ t 42. 15 _ 12. 15 CslJaJJ X r £ J d\ 
£jjai\ JIJ-JI . (( 2) t ( 1 )62. 15 OUobtb (x) £^ *JTJ 

LSiJJ^ If^l^Si uiLUol ^^-Jj ^SjT if ( x ) g\y uiLs^l »lwb jbco 

3_k-l j_j u3Lw»*ill o Jl_a jji-iu *L£Jl ^-Ja^J . ^UlS" l^*; if (a) 

. 82. 15 _ 12. 15 ObjIiJI 

^) 7 J fc cH Cr* J** ^ < x < °°) » (*) ^V^ 

: JS^LII ^ 4m;- I > (fc, J = 0, 1, 2, . . . 
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(0 j*V>(*)|<C»<i 

•( <P (*)) £^1 jUs-L jS^cj) CoU C h , 

^ cfc x J-P^ 1 J* ^J*** *V 9> (*) 0] 

A^t-ijUi 0S1 j^jli jr jp a, 

| *V > (x) |<min {C ft „ <^ 2 

ol 4 q> (*) £. LSl^ JUiiNI JJL (p (x) gtt jr 01 ^ 

oUiUI ola ON a: ^»U*JI J* SJUlSUl J-L. *J Jil* JS" 
x'(p (<I - j ' (x) iUlSUD 3Lli ^l>J tJu* oljU J£i Jp 

.(3)21. 8 y^J 



LJL^ jULANI J-Ju i|> (a) = F [tp (*)] . -_,tJI 01 
^ (1)52.15 j (2)12.15 ^"L-jJI flaic-L .12.15 
f[(AWfl = (- i)« i*oN|><«> (a) 
iLlSUJ JjIS ^jji oLaj 4 La jdl tj ^kJI 01 

: 9 J fc JjOjt 4 (* A (p (*))« 

|aV 9, (^)l<B ft , 
u — ' cr^ 1 — f J • 5" 9* (a) 01— i $ 3 <p (*) OLT lil 0i[ 
. y 9 <p (a;) ^jji aJ>* y> II* 01 CJUJ 4 y 9 ip (a) 
<P(*) = -^j- j ip(a)e io *d(T 
(_5*^! IjJj 1 ip (a) £^ cslJJ* iJy£ 2it<p ^yi J( 

: i^JlSJI jji-i 4_*^>- . S"9<p(;r) La; I L»jJ 0' ^ J • S ci' 

"ST J 2jl< P(-^)e ias da;= j (p (*) 
—00 —00 

. v^^ 1 >*j ' <p («) g^i c^jy j* ^ (o) 01* JWbj 
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• C^ljiJI ^ iJluu ,-jfft, (ft, ? = 0, 1, 2, . . .) ( ^ScJ . ^» 

Lil^ ^5^^ ^ ff i>Ji JT ^ Ue>; s <mftQ > ei^ji 

: OU>l jUI Ji£ jjl q> (x) (— oo < x < oo>; 
[| *V>(*) I < CA*B»m kq (ft, 5 = 0, 1, 2, ...) 

LjjJ o\ rti kq iJl^L ttLdl ^jjvtJl Juu ^J, Oui 



lft3 >/ <m fcg >* V 



i^L^* £2 (t) j> (a:) O^r 1 • W° W M <-Ai«flJI . 

<y WyJ W Ml _ii*oJI J£ii .(32.15) |pi r ^ 

J-J£* ^Jl <P(*) (-00 <x< oo) LJl^ JUii^U 3JLUJI '^IjsJI 
|cp<*>(*)| ( q = 0, 1, 2, ...) 

(«)'*(«) ol» <p(a:) ^jji *J>£ y ^(z) OlS* lit 
32. 15 J_*i<L LjjjlJ . ( 52. 15 ) q><«> (*) £_,UJI ^.jj-i 5J 

(2) l^^+hJKC^o (9 = 0,1,2,...) 

l~U (s)4v j^ll ^ .p(w M ) <=W°o\ 4y .(2) oUorl^ll 
J^JLI S^ljUl J-AJ (2) X^ljUl ^ Iftkjl . LLT 

: cjL> t q + 2 -> q { je±y* LjJU 
f iT)|<^min {Q, ^} =(D t9 (a)^(x) 



["ip-ij (*) 
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:A>o»-ljiU Jl 72.15 Ajji^\ J^JaJ .3JL.ISUJ JjIS ^b" 

l<P (?) WI<C^-M(*) 

ikJj; H/ M ui^aJt Sjj^, j| ^ ^^11 J . F[W Q ] = W M ol ^1 

Olfl-JaJj iUal . 3. 15 § 
J JUt»^l (jiiu 23. 15 _ 13. 15 J tiiljjl J jCj^ 

: J^U jv-S" >■ US' . 13. 15 

(a:) = a o + a i*+---4-amS"' 
6o + 6 1 *+...+6„*n 

JU/C-U iils- JjJc Jp SJUlSm v»_23. 1 1 J TO < — 1 

^ ) I v K & -^.^ J Q (z) gUl UJL£ j >- _ 62. 15 Jujfcjl 

' • ■ 

i q> (x) = e-«*2 oj, ( CT ) ^jji aJ_^ ^ wi^J . 23. 15 

: jjJkiJI Li jJj 

| g-azi j .__ j g-o(x4-iy)2 | __ gaj/» e -ax« 

t z j^UjJI (^—11 j iy - 62. 15 J*i*J tJlUMI <JULj 

if (a) = j e -a(a +' I ' )a e"" i0 ^+ i f ) dx = J e -ax s +ay 2 +W— Zaixy-iax fa _ 

— OO 00 —00 

= e ayi+ay j e -aa;2-ix(2ay+a) fa 

— OO 

jji-JI Ljjdj ay 2 + ay = -o 2 /(4a) aJx* = _ c /(2a) 

~ T~~ °p _-£L :(2) _ 65. 15 

i|3(a) = e 4a J e- a * 2 dx=— e ia y JL 

— OO ^ 
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: Jp (a = 1/2) cp(a;) = e -*V2 J — -ft J—** 

. ^ (o) = |^2n e-° 2 /2 

s |Jl> 84.11 J Li> US' * ,J ^-J ^J>* - 33 - 15 

4j\ J* —00 < X < oo J* g (x) J f (x) 0^" £ij>" 

oo 

(1) *(*)=/(*)•*(*) = J f(Qg(x-$dZ :^UI 

aUISUJ ^Llij jojJ^ *(*) j /(*) otf 

dUi Jl iiUNb 4 (-00,00) J* UIIsl- SJulSLJU JjISj jjJ^j Uul 

: to jJ 

oo oo oo 

( 2 ) j k(x)dx= j f(x)dx j g(a;)da; 

_oo -oo — oo 

-i g(x) J f(x) u*ij*< ^ ^ ULI ^O^ 1 

jjl* ^.jjj" jl . J>JI £ fa) «-*<»* J / (x) e- i0 * 

00 00 y - • 

J /(6)e-^(*-E)«- |c < as -»dE = e- to * j /(g)g(a:-|)d|. 

— 00 —00 

(2) SljUll 

00 00 

F[f*g)= j j /(&)*(*-6)dg}d* = 

—00 —00 

00 oo 

= j f(x)e-*°*dx. j g(x)e-**dx = F[f).F[g), 

— 00 _oo 

j* g(x) j f ( x ) ^jji <J^tf jl ^_jb-j £ (*) 

o 

.t^uUI ^uA 

Sjl>l ^iU u (x, t) y if vl^J . Ojl^J-l ibbw . 43. 15 

••( t > '—00 <x< 00) 

(1) ft* (*, t) ei u ( x . t\ 
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^bjJUl jA\ ■ Js*s* . t = J*rl 4 » (*) J«lt gUI £lk. 

JlkJI Jup- jJI ( _ r Jb»«iil (_f _^JtAI Ojl j>- 4>-j2 ij^fu (J <L>-j jJall ill aJU 

aLISj jaX^ u xx (x, f) 1 Ujc Q (, u (x, £lj=Jt ( 1 
0*J — 00 < a: < 00 



2ul5 Jp\ bU- < < < r JU J u, (*, /) JJu ( 2 

|u,(z, OK® (*), J <!>(*) das <■ 



00 



j \ _ 54. 11 j (2 ^jdW .00 J1 -00 ^ x J JL-JL dlb 

rUS" ^ i _ 74. 11 
j u, (x, e-««« dx - ±- J « /) dx^v, (a, t) 

-a© 



mm 

— «• 

jji-Jlj ( 1 LjaJ . u 4 ^^Ikil JbLl Kyi yb 

.(1)52. 15 



^ [uxx (x, <)1 = — o 2 F [u] = -a 2 y (a, t) 




^ (w, = — a 2 v (a, t) 

00 * * >r 

i>o (a) = f [u (x)] = j u (*)e- to *dx 

v (a, = e-^'y,, ( CT ) 
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:jl ( a = 1/(4*) yfej 23.15 LJU 

e -a»f = F r — 1 - -^-j 

Uys J 

:((2)33. 15) .Ij^ iJyu: ^UU j^jjl LjjJ 

: Jl J^u UU y (a, t) = F [u (x, t)} o' 
{j+J> .(Poisson) dy\y. J""^J J-<*>«II j^i-jJI 

.[11] gljdl ^ 

ff"^ Lf^— -°° < a: < ooJ>-l Cr* Ja*- bub" <p jSLJ . 14. 15 
P<aUj Sjj>-j^ jjSj N jj jdl <p ( x ) ^UJI ^jji 5Jy£ ol* AJj^- 

*« = J 1 , W e " i '^= f <f(x)e-i*°e**dx 

— oo 

— 00 

* ) 

. Uik. HJU&JU J^UJI <p(x)e^ gUl ^jji SJjrf 

I <P (*) I < pour a;>0, ) 

V ) y{x) = pour a;<0. J 

- 

( 2 ) yp (s) = j <p (x) e« e -i*a e - ixi ^ 
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jji-aJI J c£j*i . x = —a ^5I>H s = a + it t£ JubJI 
t^j — t_i — ^ s (o-j 'it . is = p j — * ^jc.JJ %J J (2) 

: ^LJI oj . Re p > a ^ji-il t_i*aJ p <jl» Im s < —a 

°° 

gfcjl II* j' i Re p > a j^-M <^ j <J^-> 

4i^« jli* Jb? JS" J* ,Ji£U VJ^ 1 ^ Ol U c Imp ^±00 
tfj^JU Ju*i J JB y.^JI M tf>' 0- • Rep ^ 

:(p = E+*»l^) <&'Q>) £ B t^-^ Rep>a 

I <D (P) I < j I <P (*) dx< C J e«*-5>* da: = 
n 

. g-»-ooU. Jl Jjjj Rep>p> a 

o-S^f ol ji . <p ( X ) gkl\ iij* <D (p) gbJI 

jljj^ 'Si I (Lai*!! 4*-UI J jC*U) J,y ^ uikii *y 

.<£Jui*JI ^Jcll J °90 

Oj^J j' ^ S-Vv l#^J ) iJ^ ^Jt- VB A^jJiJI 1* Ji2J J . 24. 15 

.(1)14. 15 J*j>UI 

: O^JB jJs jvUL £u~> UjU 4 ( p = £ + it) ) 1 0) (p) jSU . Aj,jlai 
'Re p > Yo > 0>**~* J Jr 1 ^ ^B ( 1 

: i>YoJ S ' J* 1 i>* 4^ ^ <^sf— °°<il<oo 

\*>(P)—j\<BW 
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^ Jio ^kio <p (a;) ^b" ^y^y ® (P) OjSL> jJxp 

• « > o J^' <y 

C^i (324 • * > o J*' cy c j j x < tk 1 <>* J , tf-> uu 

j!W I > Yo Jf» 0- ^ ^ ° ^ 
|4i(p)KBW 

: jjS-oJb <p (*) gkfl XJU-t o jut J c>> 



V— ioo 



Jp b\j*lj (v _ 62.15 J itfbr iU.) ^i/ jji-o r Ui~.b 
^ . Y ( l) J-l&JI jLu" f J* OUI ,y ( 2 j ( 1 q^J^ 1 

00 

:<J* Yo J' Jjji Y cH" ^ ^ J"*^ ' OO j/i b>.U* 

|q>(x)|<CeVo* 

J* jJjuP Jvaii t+co Jl Ajy. Y J**^ *<0 lp» b>l 

• qp (#) so 
..JSLiJI Jp (1) jji-JI L*J>j lij 

— 00 —00 

t t, jyC+U 4^-Jb < . ^jji 2n<p (—x) e5* ob bJli 

yJUJi jjx-j ^ . (CJL. I ) t <D (| -f iri) U1L« <JL-LSUJJ JjUJI glsU 
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(2) Qd + iT^-L J 2n<p(-x)elt+*n)*dx= f <p{x)r*'dx 
jji-J! lift y»w Jijai J UU Ijji (1) j^jjl 

«p («) 01 . \ \)&\ j» j gUi ijuL y ^ 

fSaAii >yry V^ 1 jLr^k * j* m — l Jt&^l 

SljLdl Ujup Ju'xp .(1)14. 15 i» ^yi oUiill jj» Ja* 

: J* £ = Rep > v >a k J>-I ^ aJj>cJL o> m ( 2) 

1 (p) f = I 7=- f < p <m> (*) e " px * I < i4- 

1 ^ J Inn 



ft 1 lJ»l m 

( 3 ) = <— - 

01* JUbj . m = 2 OlT lal Ji< I 2u ^kJI 01 Oil ^ 

* 

o^UI J*. Jp OL^MI o* ^ J JiJ* J*LJ • 3< l* 

J ?3 ^ J*J- Aiil^l 5Jjfl oUiiJll oli jl %il*JI SJUUJI 
<• KO J>l ^ (0*^ /(*) J**II gUI 01* JJUI oJla Jl* 

<y V^^ 1 ^ j^ 1 tr*^j ^■ >l ** J** oU / > J*-' 4 4 v-^j 

: iijtf O^LU* Oli aJs>- aJL^Uj aJjU* iiljjl J jc*j 
( 1 ) «oJ/ <n> (0 + oaf** (0 + • . • + a„y (0 = b (t) 

(2) 

f <n " l, (0) = J/»-i, 
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J (l) SJjUI .( 1)14. 15 ±jj£S\ b(t) ^ 

y (p) = \y{t)e-**dt 

o 

00 oo 

j / (f) dt = y (t) e-*' \" + pjy(t) e-f* dt 

= —yo+pY(p), 

1 / (t) e~* dt = y' (t) er»« |~ +p J j, ' (i) e ~ pt * = 
= — yi + P(— yo + />F(p)) = 

••*•*••***•• ••• 

oo 

I jf< B > (t) e~ pt dt = 1) (t) e - pt \~ + 

oo 



= — yn-i + p(— y n -z— py n -B— ... 
.••-p n - a yo+P n - 1 r(p)) = 

= — J/n-l — PVn-2 — ... 

--■-p^yo+P^ip). 



(3) 



Ro (p) + R (p) Y (p) =B(p) 
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bc^j lil A^U- j _ 24.15 A^kJI -gllM ^Ul J24 

:jl bJU 

*o (p) g = p-Bq q>)- (p) 
-R (p) p pfl (p) 

ijud*- y k ...,JI ?j _-(- 1 ^liU Aj>- j J j_jL>i5J <^-*w>- p J <J-l*Lj j^S" 

4>- CJlS" lit . ^ (p) ^Ul AjuJp «JJJ^ 4 1 - 24. 15 

Ji* fe (*) ghJl o jl J&> 1 J* j&\ R(p) ajjJ-l ^ 
^(P)*>-Ji lijj iijJ^ B(p) (1)14.15 

gbi\ JJL jl J&i ^1 (3)24. 15 4*»>.ljai jl» 1 t£jLJ 
.(1)14.15 ^j^L b (t) £• I Uli* 

J-JaJ oli i - 24. 15 h ^ ji U.I IgJ. gkJI JS>. til 

: jji-jJI Jl y (t) JJ-I <yj-^r <£iji S^^ll «i* 

7+ioo 
V— ioo 

^wobJI JS" J LJUL* jLjjt^JU 5 (p) ^Ul jlT lil 

(4) J^l^jJI SiU v-*-^ bJl* (<U>cl* Sili ^UJ ij>-j £")^ 

gPt ^tll ul <>0 c^*"* c'jsJ uDJ> J-*^" 

J cUJoS' ^-J j*j (Re p < t) ^"^1 t^jiJLI cAmoJ J ijJiai 

j* it (p) gtu siuji i.uji air ojSw oi jj* ^i Y jL^i 

• Re p = y (C* 2 -^ 1 J^-i 
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13 J\ ja y jU. jCj6 . Jlla . 44. 15 
flolf + a{y' + ai y = b sin kt, y = 0, ^ = 

(C^JLJuU ^p) oliiljUl obJuLJI jbjiJI ^ (71. 13) olj^UI 

. « < ^ T= a - ip j A. = a + *p 

J* lt-^ Jd_^ ^L^ 1 ( M • S>»J uiiSUj i-jli. 



(a p a + a lP + a 2 ) Y (p) = j 6 sin tar"'* : 



6* 



A2 + p2 



bk 



(aop2 + fll p+ 02 ) (k^+jP) 



v(t) = 



bk 



r+><» 



eft dp 



:^L» «_JLaJl jjjlS ^ 



2711 v _J ioo t«o^+-iP+«,)(*i+^7 



/(/>) = ; 



0^ • a ± ip J ±ik i»UJI 4k~»j jjji>- huj\ ^Uil JJu 

■ 

: 34. 10 S " J*** *( 2 - 15 f^ 1 ) 

2/ (0 = bk {Res / (p)'| p=ift + Res / (;>) | p= _ ift + 

- Res / (p) | p=a+ip + Res / ( p ) | p=a _. p } 

Imp 
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vLkWl jL^pL. (I) 24 - 10 JJ-^-jJI .tj JS" 

Res^l = iLM .;u It 

y w - 6 * Lm* - ( ^+A2 )2i p 8o - + 




S^aJI iijj cSjL*> OiJjj <£jJ.S i_-> ju jj (.-S'lji dii'i 
j 

4* j*> ^fJ t^UiJJ (JljJi ii^lll (^jLo 9JJ^i JuU*io (_->jujJj 

: JS^Jt JjYI HJiUU 

+ k*y = ft sin to 



B (rt = i f ePtd P 



V-loo 



:JJ. (2)24.10 j^i-jjl Jl bhiJ e~*ljjJ! <_jU*i 

= ~W CM ** -||r sin kt 

OUiMl Oli O^iWI J* J>JI ^ j^k; . 54. 15 
3 jji*it ioUJI JJu^Udt 5JjUii £~*aJ V J~kJ X* 
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. U (x, 0) = B 4 u (J, t ) = Ui 4 Ua . (o, *) = Joj^Jl £• <x < J 

Jl « (x, /, ^Ul ^ Ji^i t J ;l_JL jj*; 



u (x, p) = j «-P'u (x, <) (it 



d'M*. p) 



dx2 



-p»(s, p)= — u 



»(*. P)=-y J %(0, p)=0 r^^l £. 

y, i^u ijui Ajjji ^ ;tbu, ^ 4ilL" 

p) = ifl I u t- u o ch* Vp 

V+ioo 

. . ui — u P chiVp tip 

V-ioo ■. r 

^ -ullajlj /> J ^L-jJL J-«l^JI C-^ ^iljJI £&l d\ 

.( n=l, 2, ... ) p n =— ( R — |-) 2 ; Po=0 

<J >U«JJ (_iw*J J jCUJ dU 1» pLSJJ . c^UaJ^II a 1* X* 

4-~Jl 6* qu- itjiJJ^ i^Ja* U?. J VI i( 3 - 15 f^ 1 ) 

Jl Jj>_ n U, >*J1 Jl Jjj, r n J* J-t5cJ1 Jli. 23. 11 Jbjj>- 
.i-wljjJ) £yf Jl jbdlT (1) J.I&JI iji dUJuj ;0O 
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\r 

i 


i 
i 


i 

\ y — I" 




\ 1 
\ 1 


i / R= "r 




i ' 


-8 1 




4. 


15 








15 ^jJI 



ch x "l/ p 
chi V? 

iL — Jl jL^lj f 2 _j p j _j Vp JljuiJ 



* 

io: |p|=/»2ji 2 // 2 



ijlj Olij nn/l Ja£}>\ uua> OlS £ n SjJIjJI £j Jp 

LjjJ C=g + ix, £*aJ .(4.15 fw^l) 3n/4 Jl n/4 ^ 5^ iJai 

J I5l<x j t>0 
Ecos/rr-MsharEsinzT 2 



I ch |2 


chi(g+iT) |2 1 


1 chiC 1 1 





(2) 



ch l\ cos Jt+ i sh 1% sin Ix 

in 2 xx eh 2 1% 

n 2 Ix 



ch 2 x\ cos 2 zt+ sh 2 x£ sin 2 xx 

' ch 2 JE cos 2 Ix+sh 2 11 sin 2 It *** ch 2 1% cos 2 + sh 2 *| sin* /x 



J-**^ 6ljyw» 



eJ n 



cos* 



chig |2 



ch 2 % 



| chit, | (1 — T))ch 2 Z| _ 1-T) 
(2) ^ ^\ iJjkW »VL» J Ill>6 OK" b| 

:Jp J-*>^i sh 2 ZE -J ch 2 ZE 
(*) |-cirf<-ipf = cothai 5<coth 2 /6. 

jSIjjJI Jp ijoie vJI ol (4) j (3) ^ gsj 



305 



www.alkottob.com 



«s / lva 
(_l)n.4 -irV n - 2/ ' / 1 \ ztx 

00 n> / 1\2 

/ ,x , 4 . ,v ( — l) n ~l»\ n ~2> ' / 1 \ Tlx 

u(x, t)="o+— «o) 2! i^rrr* cos r") ~r 

UJ^vJI <Uw gljjl ( * } . 5 15 § 

.^Ji! gU» oli J5L-* J JSL jiu . 15. 15 

. ( * } JJLJll oJjb ^ Ip^ irU^ 1 V* C? 1 -^ 1 ^.j^ J 2 ^" 

o jjb CJu*- lil ^iU <.» JuljiJ M /(a;) Co IS" 

: is j ^viJl olfc&ll 

/,x max \f n) (x)\^.CM n n\ 

K 1 ) i*-x i<fi 

. ( 25. 8 ^aj\ ) Xo ^JaiJI j\ ja- LjLl£ 

L£x JJbt p\3 oUii- Jp (1)43.10 jji-a UlJ> lil 

iia2J / (x) «jU " 4-JLU ijl WaJI OLII *Jj>$~j 

SJlsi* to , TOj, ... ., m„, . . . jScJ .(l) oU*j>-IjUI ^»jJb~J x 
^I^JI ^aJJH C <mn> ti^MaJI Ji-Jj .i-rjil ilop^l J* *Jl£ 
: OU**-l JUii iiisJLI j _oo < x < 00 : j_p«AI J* <i / (z) 
\f n) (x)\<CM n m n (b = 0, 1, 2, ...) 

306 [6] * 
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<uM 1921 UU C~JI Denjoy ^j^j 01 Ml . <JLJbi Ui.1 

ij-.oUl £UiJ l^^U iJuLfi fS- ^jd C <mn> <J>\^4*\ X>-y 

J /(a:) <jl» tJ'jsJI J* ^12^ #o 5k2J Xs- t C< mn > 

^^ait Ifi JL^»UU oJla <jl . jliulku ol*jli 

.(j _ 93.10 & gtf) JLJLUcJI 

^liJLaj if* jbuL' JjlkJ til jjl (7 <mn> ^sLvsN! J . 25. 15 
<ui ^'j^J' i_sL^t ^^fcJ toUjlki* j^r^ ci'j^ci* 

1926 JL~ (Carlman) OlljlS" ^ Ji . (JLLL£ V 2, iJu^l ji) aJLU*^ 
(Ostrovski) ^j^LijjL.jl ^jtflj . JLLUcdl *Jt (3WbU t^lS" U-^j 

Jl i^yi i jj^— jl - jUjlS' jyii i^fil .JU»L~j j£\ UoJ 1930 JL- 
ll JoljsJ ™ n JUbdl ol ^ jAj . Jo J u f ». "J t oUliJMl ^_^2j 
r > i r" JSJtJI ^ ^\ If- j^, Jyu A* jv^j n -v oo 

JLIp J JULJll (jl* dUoT ^Ml (jSLi |l lil <u'l oUjI qw-) 

JjjJ r n /w n JUbdl jl* r>0 JS* J>-l <y t jJ-Up . (J&LJI 
J-*^ 1 ^ B Ji ^ <i^J «-v ooU 



T(,) = sup£ 



oUljb-MI Ob i»liJI JUUi. <. y'j x OcJIJtf-MI cSjiw ^ ^xMI 
rX -> <ji I* • ( Valiron jj^li ) y n = —In m n jx n = n 
b > J r JS' Jj»-i ^ 6' In r — In m„ ->- — oool* « -»- oo U 

JU*>-t JUii aaa»X\ OjjA\* Jfl2j (>• 4i^o ijs- iSy~ ^y. ^ 
( 1 ) « In r — In m n 6, 

J y = _zlnr+6 SJjUI ji r+y = 6 aJjUII JjUj 
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A^^ljUl Jv-J . b ikLJI JUL* # aJIJls-NI ^kiL l n r t£jljJ' 

b = b(r) iiaii iUftl ^ r JS* J*-l <y t oil .Oj^Jli 
y = — x In r + b (r) 

U^aj ^gO^J ( 5. 15 J\ ) *iaA> JSMI J* pAiJll Jp Ul 




5. 15 rj l 

: n j^J 6 = b (r) JS* J*-l ja i »l£Jl t LjjJ 



(2) 



-n ln r + 6 (r) > - ln m n 
6 (r) > sup {/i ln r — In m„> = sup In — 

6(r) = supln-^- 
n m n 

( 3 ) 6 (r) = ln T (r) 

<j^y Jl J>*>Jl J ln f (r) ^UU ^jdl .^-jcJI UjlpL^ 
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1 



tM 0* b ( r ») < p (r,) olS" ^ : r J Jilji* ^L" 6 ( r ) o\ 

ula> CJ-y = — xlnr 2 -J- &( ra )pSi~» i-i-^T "J, r a > r t 
J*j£ piiJll cAmbJ I Ju» O^S" U j*j i V = —x In r, + 6 (r,) 

jj^jJUJ |tsAXw* ci^aJ *l£Jl Uja LuSLc if . O^jJUJ ik2j Ji^( ^Jp 
diiij ( > inf b(r) ,y> 4*^1 oO* ) olkmll b i»J t_w>>- 

jLfijsii gUi oi ciiii .oiui Sijijji au>ji jij j^ja-^bj 

JUL, (>inf&(r)) ^ Oi-L & (r) = In 7 1 (r) 
L£J In r J ^aiu Jai- -01 J* oUjJI Ui.1 .(63.5) 

£*aj :<LijJaj 

(4) 2 , (r) = sup-5- 

:O^Li ol ^yi^Ljj ^jb JJ^ aJI C <mn > i_jL,*JI Uj£j t jjjo* 

(5) jifL^ dr==00 

Ol ^ JfJt <y . CLU a ^ t ^ = (re!)" j£J 




• a < 1 Jf 1 u-- -"^J a > 1 Jrl yj^ ( 5 ) J-l&JI olj 
s_iUaJI il* ol (j* !**ai j^li) a<l olT lit Jali j bl 

ui-^-aU ^j— *~!/ (x) = 2 7*- 1 (n) cos n*£_>LJI Jl !*L. C*-^ jl 
: J>-l j>» Oil i P^m^/»-> oo iiU- ^ LJUb£ ^ y>j c< 
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^ly gyc C <mn > J^J' V 5, •-a^ 1 ^ «» = n ! ln B n 

.oUijL-S" A— J j— laJ Jp ( 65. 15 _ 35. 15 ) J, ^ j—ftjJ . 35. 15 

.25.15 J SijI^JI ^Ljj^L*j 

<Jp I^UiiL* I j£ j x = x <kaj JuP o&lki* S (z) j / (i) o^t? 

OjJ .O^" l<^l JuuUal* oUjUI <j\jj> Oj&j d\ OjXi t JljJI 
J*r' i>» f (x) g (x) j x = £<<»J ^kuJ 1 3JLil Vj*^ 

jC*J . C <mn> i_A.>sdJ' 

/(*)-*(*) J ^jUU, 

z<0 J^' cr* f^*^' <p (*) £^ ^i 
U . C <mn > u£«a}\ Jl Ail t>* -i £>.0 J^-' ^ 

^ Jr^ ji» x > Jr* <y iJ-^J x < Jfl tr* T £ W1 ^ 

(1) <D(p) = |<p(*)e- p *rfz 

• Re jd > t£>~U iJ-a) J JJ^ g\Z 
I yt n iJj^Jb LUIS' til . (t> (jr,) oL*»U- (j^u j^ll jjy 

GO 

/> n (D(p)= j (p< n )(x)e- px da: :J* J~** (l) SljLil J 

| p n O (p) | < CM n m n f rf* = CM n m n -i, < C y M n m n 
o m 

^yLSJl ^ _^Jll i_i^aj J ^Joxs LLL* <D (/>) ^ jy*> villi 
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|p"0(p)|<CATjii» (» = 0, 1..2. ...) 
£s i \ _ 24. 15 JujfcJI J2at (D (p)/p« jl ^.jJI ^ 

dk{ ^ JJl JUUISUJJ JjUJI JpNI iU-l lb: Cm |To + tt||1 - jU^l 

(2) fW-iSr J -^-^ 

V— ioo 

UjI L<jJ jl* d>(p)gfeO o& U, . o>* J^' j* f-**^ 
JJL. cp (*) jl* JJJi . x > Jsj-t <p (*) gfe 

\(<p(*)e-**)™\ = ^\ j ^ (p _ Yore ( P -vo)*dj>|< 

7+ ioo 

< CMnm " f I P-Vo n \dp\ ^ C n P | dp | , 



y— too 7 -ioo 

jl Lc . C<m n > i_jL*aJI Jl (_5<k~! <p (a:) e-vo* ^UJI jl jil c£ _/ 

C< m „> ciUaJI jli q> J a; < cH j 4 <P (*) = 

Ja*A £<«»„> Uu«t> SJLi* V~ £JL~* jl* Oil . JJ^ 
iS< <ai J J-l^ <t> (p) ,«-;L; SJL-w. * JLSJ 

: £s\?*>-\jA\ Jist Re p > Vo 
\p n O(p)\KCM m m n (n = 0, 1, 2, ...) 

. ( « Watson j <JL^ » ) 

^ JUI y» Re p >■ y <S y~SS u^aj £-?*t p — 2y/s v_-AaJIj . 45. 15 

jji i»j>tJi ^» u : jljui a'ui ji ^-i j yL. I s - 1 1< i 

| s — 1 |< 1 ^ JUI J a^jj ^ w„ 5Jb^» j Ujiy 

: OU*-l>dl /? ( s ) ^ 

(0 |F(s)|<CM n /n n |sr 
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UjuP iyry £^ ' j-* Ji« ul J&l J* Ja?-!^ 
J-^l A-jLjJI Jl JUfcJ^lj | s |< l/(A/r„) jL^-l op 



T (r) — sup — = oo pour r > r 



Ujup 25. 15 J b/lj ol Jr- \£ •** (jL ! H* ( l ) ^ > iJI ^ 
. Iju»- ik^j 4JLJL1 oU /»„ h < Cirjft (A = 1, 2, . . .) dj& 

le>jj£S\ Ja£ f ( s ) ^L" j jkjj i«UJI <JU-I Jl iyj 

IF(p + pe*) |< 1 4 F (p) ^4 P 0^ -Sj^jdl 

rSjSUJI J* ^ (s) gbjl iwjij A-2JLLI jIjlpVI JT J*-l ^ 

UUijj! jdl oULiJ'bM JS" o' . * = J^-lj J^> s ~ P + pe ie 
:L.jJ (l) J-^L. pI^p^jaJ' J Aiisi 

I (p + P eie ) I < CM n m n p n I 1 + e ie | n = CM n m n 2p cos -J- 1" . 



rr; 



I f (p + 9 e«)\< C — A — 




n M»m» 2pcos-y 

: T(r) £^1 '-kj* & 3 



( — t — <r\ 

I 2Afp cos-g- J 



.-Oil 

ln|^(p + pe ie )|<lnC-lnr ' 



( 1 \ 
^ 2Mp|cos-2-l J 
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plydb ttLdt (65.15 J V^Ji V B M 

j i v - ~* jis'j *)b>Ju sj^jH jj^. z = zo 

Sj-JtjJI Jp IJl_^Ij l>u» J-Xj \z-Zo\<h J-UH 

: J,l£JI Oli 1 1 z - zo I 




2fl 

- J ln|<D(z + ^ i6 )l rfe 



: C B jl y (D (s) = F (z) £^1 <> ^O^ 1 « j 



6 I I 



Y<lnC-ln|F(p + pe* e )| 



tit . 2n ji >*iJi y e J y> jjl. 



2Mp 



cos 



1_ 

r 



J r 



1 /fa- : J,KcJl ^jU; Jl J^J 



f InT 
3 r 



(2) ~ * 

(2) j-is^ji oii jj* *jt c <mn> o^Ji o^. (i >M 

.25.15 J oUjl^ - S> jt, i>\j£ dJi ^ .ujlL. 

J,t£dl jl ^1 j^L oUjlT J^i r jjJ J* JU^JI J £>U . 55. 15 
:J*lScJ1 le» dU-tf ^1 AJJO* .^J^ (2)45.15 

< \^2Afp | cos | J 
(Poisson) o*~l_* J-*^ j£x JtJlj 



l 2 r / l \ i^>» 
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G(s—l)=P( s ) ■ r<l S^UI J J»i\y ^JJI 

u"J® J (*- - 94.14) Jil^l ^I^JI ^liU <?(s) -» j^Jj 
/'(s) = c-{^ , W-HQ(»} : ctUi Juy jjSLJ . | s — 1 |< 1 



;£j\>^.\j\\ F(s) gUI J24 
( 1 ) | (s) |< m n | s |« (n = 0, 1, 2, . . .) 

rOl^ljU! *Jl£; (1) oUo»-!jUI ol 
e- p w<m„|sr (ra = 0, 1, 2, ...) 

(2) -G(s)= -/ } (s+l)<ln/ra„ + /iln(s + l) 

:o>-^ J£i Jp ( 2) ^ jrSlI o>Jl J ^1 Jjii ^ 

lnm _ 1 f lnm n (l-r^) 
inm B - 2n j 1 _ 2rcos(e _ q)) + r 2 dd, 



o 

2n 



:JUJir l^UI ^_^kll (2) 4^-1^1 2^ JJJi J^y 

( 3 ) 2n 

... 

:olT U ; \l + e*\ = 2 cos-i| 

L | ^ 

r(r) = sup^- 

f ( r )>-£-. r(r)m n r-">l 
-V** 1 - -5* ( 3 ) J ^^il yj c^- ^Ul jU JUL, 
J wJL dJUj^T ^Slli JUL, (3) a^IjUI JJUi 

.35.15 J^U -ui ^-J C <mn > cii^Jl ol Jl 

.oUjlT Aj^^aJ oLs^j dJJJu 
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. 45. 15 J Jujl^c-JLI it^kJl J* La j6 . 65. 15 
j ]z — z \<h ^ J J ULJLi /(z) ^t? o& lil . jJaJ 
J I o\£j t iLjlaJU Jl?-I j iJL*JI jjUcj z = z Jl^ |» Jsua 
Jp z* lOfl-lj JJLj | z — z |< Jiil! ^ ^aJI 

: oli I z — zo I = fi 

- J ln l/(2 +A« {e )|</e 

.AH- 

jl ^ I z |< r < l^ydl J JJ^ / (z) £UI jl . z * = i 

i Zi, . . ., Z m j\Jufi S i\ {j» JJLP <J j— J*^ j -^Ji 

jC*i . I z I = r o ^JIjJI ^j* jLL^I *il aJI jJu jl ^.h.-;..„,.'» 

SjiljJI ^lyl ^ JSJL. 6.15 ^ J\ j ^J! C jUil Ja^l 

^1 t C ft (/c = l, 2, ....m^ljjJIj ^^11 oUt^l J Aa^ja \ z\ = r 

C Ja-^l J>-b JJL^ ln/(z) ^Ul jl .jw^ba* jy»lfil j jJy 

jy~±>. ln/(0) ^» J~* j£*j 

(1) ln/( o ) = ^ r Jl„/(z)A. 

c 

i^C&j . ^JU\ ftlf *i\ J ft J\jS\ t±» j <. Zj AkUl Ju* "o£ 

: JSLtJl J* C } S^'ljJI J> Jp i>Ul (1) J-l&JI 

/ - v 1 P , , , . iee ie <f9 

< 2 ) -2sr) ln/(2) i-r^- 

: jli Zy jjif I c-i*LaJ j* hj jl£" 
f(z) = (z-z j ) hi f j (z) 
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\\nf(z)\ = \\n(z-zj) ki fj(z)\ = 

= \h,hi {z-zj) + lnfj(z)\<kj\ln\z-Zj\ + 2n\ + 
+ \\nf J {z)\<.k J \\ne\ + C l . 



Jl e Jjjj \aXs- jlvaJI Jt J j£ C } y 1 jjJ' J>t» J* O^Ul&JI 




±Ayj c-JUl olf^l j ikUL Ja^ Ujc* ji! 
Oli JUL j 4 -2nV jlJ^X In / (z) = In | / (z) | + i arg / (z) 

kj j -Y" = A; J [lnzj- 




ln / (2) ^tJI Ol | z | = r SjJIjJI ja J\_y *j*r £ Jp 

( 1 ) J-«l&dl Jl t-i-vii U >*j 4 — 2nk]i. jlj** Jwlj~! 



SljLil ^ JLUI J*ai; dUi Juy .U* LLift bo* Jsi ^jl 
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:Jp J^i ie-Oll (1) 

ln|/(0)H2^ ln l z il + iJ In I /(reside. 

o 

:jU ln|z;-|<0 «. |zj|<l OK* U t| 



2n 



JLJln|/(r e *e)|de>ln|/(0)! 
o 

-i- jln|/(r«M)|d9<-ln|/(0)| 
o 

. z* = 1 AkJLJI xs- jlp-I j L^i | z | = 1 5 yljjl J* L.jJ 

:ol ^xJI 4^ 8>0 bo* jbai 

2jT J ln|/(r^)|d9<-i r f ln|/(««e)|de<:-ln|/(0)|. 
« o 

f ln|/(e«0|d9<-ln|/(O)|. 

-±JM/«")I* 
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<p (x) = lim 



— oo 

^LU jlj^u-tj ajUj JU Ji-b jU* JU JS* J jjaoill -ujU; dUAS* 

t^UiUj Ujliu ^j^yU J^ajij !p (i) ^tJ ^lli* ^Jui . 2 

x <->j£-t £**^:J 

— OO 

• — oo < o < oo J* Uik* yjlt. ^* 
: AUISJ j^, «p (x) VlU (. Ji . 3 

~°° -p -oo 

:Od.lScJI ^ 4-00 <x < ooj^Jil J* flkJb bjliu 

? { J , m j { j va^-v*} 

. J^lJ J»12J JJL, 

: « Parseval JU-jb SljLw. » c*JI . 4 

- 

31. 15 IJaJI ji* gfc g(o) 

. ( Plancherel 

J *"I/W|«*f j o«|,(o)|irfa>i ^ ^ 

-oo _oo 
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4 uij*^ ( u* j* oUa^ /' ( X ) j xf(x) ^juB ol <>L^ 

J I / (*) I* dx = 1 

^ • /(/) £^ ^ y^e"-F(p\ ^ .6 

* /«w=j/WiT i hit) = /'(«). t /, (o = «°'/w 

9«(t) = «*" 1 («>0) i 9i(0 = « Bt ^'^'o-^ ^ ' 7 

i (p 4 (t)=sin at 4 <p 3 (i)=i a -l e a< t 

:Ol^ 'it :(Mellin) JjJJL ^JUUI cJI . » 

OO 

/»= j / (*) ate 


: 6li 

C+iao 



C — 100 
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•LjJUl JJl~. ^ Jl.j*JI J* J-lScJI IJla jJ* ( 1822) « jl ^ 
J-ISJ ^ Jii^J ^JJI J^l ^j^i J^l f, .wbjJI 

iu jliJI J* jU^j (^1 i ( 184 _ 2) ^\y^ jLiiil <-l 

J-">L. <~> jUij <u*UJ-l LL ilil jil ^1 jJI J 0%Ji*J Jlc t jvi* 
J 1812 iu, ^ a jjie>j Ji2i i M Jij^ » Ul . ^jji 

1737 jcj. jc*\ jj o& J jl ul 4 « 0^\f*-!AJ aJUL>wJI aj^I » 

CJLlkJl .ijJUl Xs-UI J ^ Jl^N I Jul jJjl 

(Heaviside) juL-jLa ^jJ&NI ^-JJ^il J^l 1892 ii~ <y *ljw-l 

Jjjl ijJujj^jl JJLJA^^u J_^U- t (i»jw^JI 

1910 ja *IJ0jI ^.15 -^kj ^L-l OjJ^ JuL~iJ> « j£ jJ^il ^LJ-I » 

der Pol) Jjjjb olij (Carson) u.j-jlS' f (Bromwich) ^yjy. 

. L y>cS (uLJaz, Jul La opI J Ju jCj ( Doetsch ) .jUbj ( Van 

u \ - • - - - " ' ' 

oUjl—Tj i£j^b J^l j — j* C^-^j^! 3-*-l— Jl j 

. 930 _ 1920 Jl aJJ.-»cJI <u£ ^1 jJI t_iL*»l J ja ^Li j>-jl j 
±Jja ^jy 4^ j Jju \gi Jid ^oJI ^JiJI ol 

Obuj_jJI jl <a^oj Ja»-!i0 iiJU J> (iwwdl ^l>JI jl ) 

I Jl* (jl jf . ( oo -<-' | x | U ) LJl^ ^ Julji, ^l; ^jjj <3y£ cA»j*CJ j**-J 
XJaiLlO'iljUll Juji! J ij-L.1 JJl~* JJ- ^j-Jj j-«l i«jJ«V t y'ill 

• (10)^(15) j(13) £t.|j .oWI O^UUI Olij SJjJ.1 oUsAll Ob 
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16 J^aiJl 



- 

SaU ^ JUL, t^l^JI ,II*U 

J Ojlil OJlA OSt jl . <U>j*l» Jls- 



dUi jls jf^ as- Jl iS^iji 
F.Engels jJjuI . c$ 



<L*>L>I uAjjI*j . 1 16 § 



( 1 ) ^ = x, (t), . . ., x n = x n (0 (a < t < 6) 

: L*U-i iJ.jl** t<UjD j^^ll yfcj t jl 

- 

(2) * = (a<*<6) 

• L lj***"^ jiai ULMt x (t) £l*£JI ^jo— j 

* 

jdl JjUiiMl (J^aj Ja^ j Sj*i~* xj (t) ^jfi ,y>jAj 
l y>cX jbdl JSLiJI ^ ( 1 ) ^x* Jjst oj^i J*- . -^y 1c* l*i^>w« 
J^-jJ :3^*l~« djfc jl N *Jl» 

jr jtf u j.uai ^jai j^i ji J ij^A i|ii>i ( i) 

^ JiJ jl jl£,'^L aJI Uul .(5 jjj^JI ^Ij) R n *U«JI 

J* £>JI Ulfu« Jjt (^-xAI J>dl ^ ^1) ^^^11 
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x = r cos t, y = r sin * 

a: = r cos (*»), y = r sin (?) J 
(a;, c£ji-AI J ^mX1\ J»JI (j-iJ _oo < £ < ci, J»-t ^ jli^*; 
iSs- .Cj\J)ja' s i\ £ y \j>yS~ yj r L* Jai sJuAji 2Lu»1! S^JIjJI 

oiijVi vju-i j jJa^yi Jjuji jLi-i o\ car 

i (2)11. 16<bUIJ ijl^JI 4 » W JIT ^1 5JU bjj US' . 21. 16 
j jUi ulS" i t Ja--^ <£ju .Uii ^ SJauJ l^i J^t 

* (*) £ UI |M IfJ ^1 aJU-I J ; 16. 12 J .^J* *Ui 

/ = c^ux* x(t) ^UiJI gtdl Jli, 4 B ^^Jij »UiJ 5^ 

(1) l.s, + 

Oj$i> ji~>- . b »UAJI iilw ^^ir ^xMI ,J^I xs- dJij 
( 1 ) AjlfJI Oi^j IjJ . , = e iloj Jt£Jt>U x (t) gfcjl 

• la, 6] 

«=f^ JUii^U x (o = (* t (if), . . M Zm (0) ^UiJl 

L_OJ___p. I «yl J /nJjLjkil 4 ,1,1 j (1)21. 16 fj-fif 

: bjJ 1 Si'i Jl iiUI j ( = c x» x, (<) x m (t) 

O) *' (e) = (*; (c), . . ., X ' m ( C )) e i? m 
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Jii-« J^J <L*«JI J«m)I IJl» J ^lUj 4 13 JmoaJI Aj\x> J £_^jil 

: .JISL. J£i J JiiJU ( 1 )21. 16 Juyd\ p^j ^ 

( 2 ) Ax si x (c + AO - x (c) = x' ( C ) A* + e (f) At, 
SljULI . Af <>• <J» 8 w J jj, 

c + At dV c Cj* t & x(t) gtdl JuljJ jl (2) 

ioU VI * = c iki; JjSJ . *'(<:) A* ^1 

( c ) =0 5ili> ikiu l^lj t x > ( c j =^0 O^" lil (Sibc j\) 

riJaiU ibUJU ttil^l i-.JuAl "ojj^ai\ o\ . - 36.9 jkJl) 

aJ^T^ x(t) 1. 16 r j» 

t = c. aLaJI l^i ojSJ jjjl SJU.I J f = x(e) + V (e) (f - e) 
a:'( c ) ^UiJI .USI J M = x(c) ikUL jUl a jAJll ^» 2uaU 

.(l.l6 rj JI) 

LA* a-Jj >*JI ^Lu M t a^X\ Jp ( t . J JuJUi ^ J^l ^ 

X* l A pisJli ^ tVrr J| lit . At j 3 jl» 

u*\* >S?J *Jl^. f ^ ^ x' ( C ) Jii* jl ^4 . Mi^iJl 
jl) ^1 ^UiJl x' (c) £U±« Ul i TtfUkiJI xp L ^s^JLi 

Ll*^ 1 J*^ £t*il ^Jisi liU >J . 41. 16 

. x J Jl&ttU 5Lli LuU * = * (t) x JuJi*. Ja^j Jl 

: jJj^* . r ( Y ) ^ J c =' f (v) 1 5_^Li- 5^L,aj t ^^iLJ 

'* (« (T)) = ? (T) 
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(1) g'(x)-lim^=lim^ lim£ = *'W*'M 

.(S> _ 16. 12) ^ ja ^UJjUiSI So*lS viiJij 

olfl ^ g' (t) | t=v Jbofl ^jf^ll £l*£JU oli JWbj 
J 11* ^ jxaj jliJI <y Jj^l £Ui~Jj 4 x' (f) ^JlSJI ^UiJI' 

^ AJ ^1 JJL ^1 ^.y. 4*-jil ^USJI J_^» ol» Ij^JOj . (t) 

Lu£c j _ 11. 13 J UjS'i o'j J^— 1^" .^L« ^xj* 
«*.r* y *' (c) Oli t >J >M * J** *' (0 

^UAll • x (t) <^\*~" ^ ^U^Iaj f yV 01 ' J* _jL ' .51. 16 
SJUffli; i * .L^U J^f = A/ ' dx = x' (c) d* 

. t Jfc«il ^idl OjljlJ Jil^l o JjljsJ Jail 
Ij^l ^jJcd LulJ jl yj £*~» t d\£ J^ill jj-AJ 

:JU g (t) = X [* (t)] . lil Aii diJi 
d<x,z = g' (?) * = a:' (c) (y) dr = x' (c) d* = d (() x, 

^^it Ipi 26. 12 iJLJI oJub Lij* . ^U£» gtt iLolSLo . 61. 16 

y> 4 ii m *Liill J 5b i b ^L" »Loi j 4*J 4 o < i < b 4 x (f) 

\ x (t) dt = lim y. x (Ik) Ah, 

j dan-* ft t; 

n = {ffl = « <| <:f 1 <... <<» = &}, A^=<h +1 — f fc , 
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J*- 1 B «UaaJI piaJ iilfJb jJU^. <^9> 

d (II) = max At k -*■ 
^ U jJil . ^JaiJ I j6~a x (t) J-*l&J' ij>-J C-JI 

: J-.1&JI C<UI> ^ _ 26. 12 

aJ^l^liAj J ax(t)dt = a. ^ x(t)dt i 1 



b ' 



° a a . 

c b 6 

J jf(t)*+ j *(<)# = \x{t)dt (a<c<6) (3 

o c a 

6 

af(<)*||< max ||* («)||(6 — o). (4 



j_^-Ju oUoUU o I* J*ic-J 

J«W*(0 = ««)i'(OlJ-f»(0**(0 

a 

y (t) Ul t B.*UiiJI J <uJ jI&l£!>U bul" w (t) La Jix 
jUjJI ( 5 jji-jJI Jp jU jJI 4JL. .JUii!>U Lo-x* l»ut? JiU-i 

.(1_15.9) SoaJt gljsJL ^UU aJ JJ^I 

. aJUJI i^^JI oli oli-UI . 71. 16 

d[ .46. 12 J x (t) ^UJi JLJUJI ^Jjl ^ OlS-.t-U lij* . \ 
(n — 1) lJj\ Ji*JU J j^l JiiJLI Lb^*; y. w kJJ\ JiiJLI 

^fiill ^ yu \aXs- . . . i x tt i x t <L*l*iJI ^1 jJI jfJcJ <~b-£ jS . Sm> 

t J t (x) ^ t = t (t) ' t -S:-^ J* 1 — • ^t*^ f jSiJll 
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^jtjkzv t J L-Jb jsAit 01 (4i. i6) bij 

a: T = x t t x 

JtfcAl J-Ja^j t J V-^V 5, -> L - il 0,i * <3^V 



x„ ^UilJ U_^* bjlj* ^-J £UUt ol Ji^t* ciUi & 

•UAJI Jl ^UfiJI Oli i-nOtf* W* '**UJI j 

4"'=2 4V(t) 

h=l 

: *kJ ^oi+h J* LJ»»- 0^5 

. ( Lk>- a.U:>....» . . . t id i j ( . Ifio jd' J ) . . . i'n 
JUJLI J* ij* n + l JUsAVl JJu gbM 01T lij .sf 
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!f 5li (»- - 46. 12) j»" jjS-i ol» [ a , 6] 

A* (t) = x(t + At) — x (t) = 

= *' (t) At + x" (t) + . . . + (0 ^ + <?n 

i jl jJI jj-XiJI ^ Jl>wJ j &LJI SS^UII J . . . t 2 i l= n ^Jl! Uxp 
iSa ibjJ ^"Lj SJUL J! J**; <? n ^yak; »» _ 46. 12 J 

(1) A«(t) = x'(«)A< + e 1 (0A<, 

( 2 ) A* («) = *' (f) A« + z" (f ) i^L + e, (<) (A<) 2 , 

( 3 ) Ax (*) = x' (t) At + x" (t) Mi + x" (0 if! + e 3 (*) (A*)*, 

ol jLJLI .5ili» j'l ioU 4JoH jljjfc Jj«^e JSw .21.16 

L.JUP t<-.Lf J^lkj x = x(*) 4ibl*« £, J^vU JT o' ( 1 )?1. 16 

J £i L J^U Ol (2)71.16 SljLJLI Ul . At J 

j oLu "^1 jiUij Ijjkj ( t ) j x' (t) v^*l*AJU J> yX\ <jj~l\ 

V _ 71. 16 tjuycdl (^jiJll 11* ^ i Jj*ill i-J^Jl ^ yw^l 

jiJU ( Lki- <^JUi— ^ (,) j a;' (t) Ifi jJI ilU-l j ) 

J OcJIj^I If* T] j I jlS' lil . Af ikiJI JCLP ^/pwJl! J^»^UI 

J*a*i Uli t z" (f)/2 4 x' it) ^L-bU J-^^UI 

oLu V y.oiJ L J^Ji J^l ( 2)71. 16 ^ tSt^l 

l = At, T) = (A*) 2 

J * jlSL* ^ki l ^jifwJll o'^ Jjl ^ y& <>* (jL; *Jli oil 

J) a?(0, «"(0/2, *'"(0/6 4*ANb ui^ll *UUI 
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J^cJi ±xJ\ J^^UI Jj±\ 'LiiJl (^1 U5Ui-« *JU- 

L d\ (3)71. 16 J tfjj .( v - 71. 16) M JJaiJl Ju*£ 

x' (t) x" (0/2, (f)/6 c^ 1 -^ cs 1 ^ 1 * L ** JI 

LcS ^uU ^^Jl j^i (3)71. 16 SljU! ^ ,y gKiJ LJli 




' 2. 16 ^ jjt 

^ J* -U oi, » jl (2.16 ^-jJI) t^j**^' cr**~* ti* J-**^ 

Ulj .( (t) £UA» *jlr a* ^ >J ^jJi) £=£ 3 

.( V(t) ^UJUI 4^ y li*kJl «JI $ JJI ) , C = ^ 

j£J x' (c) = vl~>- i c SiLi «1oaJ jijft L C?i\ 

: jixs- • £* (c) Oja:" (c) 

Ax (c) = 1 x" (c) At 2 + 1 x" (c) A/» + e 3 (t) At* 

4ibU«j a;*( c )/6 4 x"'(c)/2 «^U-iJL tf^uJU J gb m L 
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24 

*iv( c ) ^LaAJL, 4_J1 jUUI *Uill cjLaJ J *"(<:), «- (c) 

ikUl ^> ol» LB A* 4 Sjlil jl Lc 4J! .(3.16 ^1) 

J x' (c) = — c oil — £ 5 — liSJ SJLj>- J Ul^j> j 

. ^p-j *iaii Af SiLiJI AkiJI ol 4 x m (c) ^ 4 x" (c) ^= 




• 36. 9 J x y>c*» Jji» (_i>^ ^oi . ^ Jjb . 91. 16 

J 6**^ J^^' jj^-JJI £Ui~Jj <UL>yCi\ \1» |pJlSJ JUaJ 

J»>2U Jl>l Jul^ J> Ui^P *Ui 



n = {o = f„ < %< . . . < t n = b) 

Jp li^ x(t) bul; jl jW ^ k 6] JUuJJ 

,y ^i=*(«i) ^ *, 31*23 JT J.UJ . l a>b] 

J* **J^ L a >J^+* J* 3 « ii 8 " ' ^ L> . Mi J-»_* 

V JULi!*) J-.IS gkW Jl . 2 | Ax, | 



'i+i 
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6i= ATT J [*'«-*' (fi)]tf; 




|e,|<8 n s max \x'(t)— x'(t)\ 
<JI Jj>" «Ju 61* x' (t). ^ fliaH jl >u.!AJ I jlij 

: jjJuJI oil UjJJ . II *Jj>cJJ eUi* M ^JLi J>.| jfl-.aH 

I 2 l^|- n Sl*'(*i)rA/||< *S |e,|Af,<sn(&-a) 

i=0 i=0 , i=0 

6 *"° <iV^Jl Jl t IT SJj^sU 

(1) Jl*'WI*, 

a 

^Ull jj& jl ij^JC I jj& I a:' (<) I ig*^ gUI jSl 
A-aJUoII J»jJaiM Jljtl Ll^ jl <Uj Jj.;,,,,* 3' ^*UiJt 
jl Ji»»*J .(1) J-lScJI ^jUj Si^^. ^^1 Ji-b ^ i^jit 

jji-oi) J/UUI jjs-aJI ^aj 4 1 *'(<)|p=|/ 2 [«i («)]», i?„UiJl J IjjJ 
(l)SjUJI jl (5)36 9 J Ji*-*J l,r _ ,(5)36. 9 J oUj^-j ^jjl 

. 4y»-ii; *Uii JS' J iwli 

t : t Ja--. j*i; JUwi" [a, t\ Jl»«II L j* 1 ^-* 

s{t)=\\ x ' ( X )\ dx 

: L»jJ 4 Sis J* obbj 

. 13. 9 diiij 

xs- x > ^jlo ^ bl 4oiLi U»ID L ^^x^JU j^J ^ lit 
jil j^ji t^^iill ^UU <LoliU i>jkJI ^J-JaJ ^lai-J LJli 4Ak«J' AjI 
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Jili, t s . J J£i J*. x (t) gUI L£x JJUi 

| *' (,) | = s' (s) = 1 
Ji* bl :5 ? T>I jlfcJI Sfjfj ,>• y>\ IJl* ) . 1 <J> x' (s) 

. aJUJI e^JI j* 1 . 2. 16 § 

^ WjjiV J; v-^ J'>V cr? 5 J* W • ,2 » ! « 

jCiu Jj LiS LoJi. ' . »Uai jil ^ytJall ^» . Ul>I AaJiMI o jjfc 

.(14. 12) LJjJLa *Ui 
JUii!jU jjjLB ^jmuU ( a < t < b ) y(t)j x (t) • m &*y 

^iJ »JI — Jl_Jj \* Oj — & <t H J *l moJ j ^-..j 

: bjjj t Ubl JttiftpU ^Lli q> («) = (x (t), y (t)) 
(1) cp' (i) = (x' (t), y (i)) + (x (t), y' (0) 

: UjjJ . 61a jJI 

&<v = (x(t + At), y (f + At)) - (x «), y (<)) 
= (x (0 + x' (t) At + 8l A«, y (t) + 
+ y' (t) At + e 2 At) - (x (t), y (t)) = 
= \W («), » (0) + (* (0. V' (0)1 At + e 3 A*. 
J oil li^Jf . A* -»- U e 3 = e 3 (i, At) -> <^>- 
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. OlJ^Ui* x {t) ^UiJl j x ' (t) 
■J**i {x(t),x{t)) J*(l)JUii^t 

= (a: (f), x (<))' = 2 (x («), *' (<)) 



ij*j-s J yJe j—t> <Ja~*j L —{x — x (s)} . 22. 16 

£l__*±J! oLi 91. 16 J UjIj .3_iAJ 2Jaij ^ Uj_~j£ 

. iS^>-\ j e t (s) = x' (s) 

Ua*- JrJLSlw* x" (s) j x' (s) ul*l»iJl olS" 0* 
• - - « 

£mSu . s AJa&Jt .up L 

( 1 ) < (») = x (*) e 2 (*) 

J_jL*ilj t e, (s) Jp i£Jj-*p <£Ju>-ij ^Lxi e 2 (s) 

: UjoJ . x (s) 

(2) x(«)H<<«)HKml ' t( ' + y-''<'> 

cj* e, (s) J e t (s + A*) ^^-^ Cj*Uii! aL^L. 
M^Ai (i 31 ^IP 1 *<5*^- -^ -aJ1 j J^J 50>>jjl S^Jb 

Joju x (*) J*UI Oil . JI^JI J* s + As J s ^CUJUJ 

x (s) aa*}! ^yw-j .^^aJI J>i* jJci i»«jJL ^f-iflt o'jj j **■ j* 

. s SkfcJt jup L J^i! «l^>f 

( 2) oSl ( 1 ) jjX-jJI j^-l UjyJ Jix ( 2) jjj-jdl ol Jl ^iJ 
.b^^ e; (s) o£i 61 4 e,' (*) # i» jdJI ^ 

Jo*. ( 2) jjX-JI jU < (e) = Ifci Oj^d ^1 AiU-t J 
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IjJ oj^. ^1 33U-I J jUdl j^i-jJI . 32. 16 

d ^ • t5 ^ * ^ a: = x («) 3 1*1 «X ^ L 

: Jli (91. 16) ^s t =| Xt , = 

(xt, x tl 

V(*<, xt) I x t I 



_ x tt ) fa L _s^ 



. i2. i6 aujsji jjuij 



= -fit. __gL j» _ x tt x t (x t , x tt ) 

I Xtl 2 t\ S t \ Xt \i \ Xf |4 



J ^ .*» <Jt% .(2)22.16 Jbydl J* j^jjl Ijjt 

•x(s)=0 J x(s)^o cf^ 1 
( e[(s)^0 £•) (2)71.16 j^l; J .L^l J^j j£j 

AX (s) = x' ( S ) AS + x" («) ^1 + Ez (s) As* = 
( 2 ) - (s) As + 1 x (s) e 2 (s) As 2 4- 62 (s) As 2 

^ji-jc AkJjll oLJU^I fUiu-L .SjJIjJI .42. 16 

: JS^JI J* S^JIjJI 4J3U, ^jfc 1 SjJI jJI 
= {Rcost, R sin t} 

*< = {-i?sin*, i?cos*}, |a t | = fl, 
= {- R cos t,-R sin*}, (x„x„) = 

■ ' \x t \ 2 R ' 
. U jiai »Ju«J <-» « JIjJI *U^I jli JUL 1 
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J UjCpI lil L ={x = x ( s )} ^ .52.16 

3-iliM <y u >** Q »Jb J*" J* U SLUM Jik&Jlj ^ 

.UJLSJI Jjl^ i-iJUJI 3_JjJI cil>l J* Jj— 3L-UI 
*L*I £-U£jj s ^y-JflJI Ja^-jJL i<L»U SjJta <U.sU> z = z (s) 
fc-—*- Ju'jup tjjj .(4.16 ^1) L ^UU ja 4aUSI 

:( 2)32. 16 jji-jjl 

Ax (s) = Cl ( S ) As + 1 x (s) e 2 ( S ) As* + e 2 As3, 

(*) = «! (s) As + ^ e 2 ( S ) As 2 + ijjAs 3 , 

> • .» , _ 

iJUll Js*; i As U j^uaJl J jL*Ui» *il e 2 j e 2 



^ jiJll J ixil^jl JL.UI S yt jjl 61 . R = — )— l^w? j lil jij j Jai\ 

**" ** ' " (*) * 



ol^ 6! . 



R 



X(i) 



ikUl JuP L , ±>cl\ ttj.\ Jai UUOj R = — i- 

*-» . v X (if) 

o ^laS iuuoj 42. 16 y^- (Jjllaj AjL^-I jJai <_i^dj jtt » jib ^ ^yLs^Jll 




4. 16 J\ 

*' (s), x"(s), . . ., (,) ol L ^j^vdl 
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. 1, 2, . . n : Jl^l Jp UiUJ EiCZ E 2 cz . . . a E n 
f <jt^ c£*l*£JI -uJjJI J jbai . # n *UflAU LJUcuj lx.U> L.L.I 
vUUI ^UiJi Ul . tf2 (,) = -^W j («) = *' (,) : ^ jULiJ 
Jp Li 61 £ a »UaiJI J « jbii ^JJI e 3 (s) 

4 e, («), . . e m _ 1 ( s ) UUci m — 1 Jl jL^-l Juy tiJbjf 

.^jJ-l •U*JI 111 i~~JL a« m »(#) £l*iJI «U£l *J ^jJlj £ m _, 
O^ri • *i to, • . ., e n (s) 4/»L-^" S-^j ^>jj^ 

: x' {$), *< m > (*) 

( 1 ) e m (s) = <p 1 ( s )x'(s)+ ...+ «p m ( S) a-cm) (s) 

• <Pm (*) > ^ 

£ { f~la!\ 4j*L-MI «i to, • • e n 

4*il Jtfiil juL** jf- li^wJ . (Frenet) jryUo .72.16 

: ^ _ 16. 12 SopUJI pUicLj ( 1 )62. 16 

em to = 2 <p,' («) *0) (*) + 2 <p; (s) x« +« («) 
J>l *UiJl Jl (»*<». J*l «>• ) g ™ to d*^ 1 ^ ^ l - J 

( 2 ) Bjn (s) = a ml (s) «i (») + . . . + a mm (s) e m (s) + a 

m, m+l to e m+i (s) 

. _j e n+i J> j*j Ujup (JU> ( 2) jji^oJI to = n J»-l y 
:jl2J^(l)62. 16 j (2) j (1) £Ui-J 
V*-^ cs** ( 2 ) <3 i5>^' LM.UI Ul . a m . m+i = (p m (,) > 
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O^l «mm (*) = -UoJ J L.JJ . <J UdI 
5__&Ju_J SljL_JLI JLfc-SL; .(12. 16) a_JU tfij-** e m (s) 

: <> J-^ t(7 < m)£~»* t (e, (*), e m (*)) = 
(e- (s), e m (*)) + (e ; (*), e m (*)) = 

O j 

( 3 ) (e'm (*), ej («)) = — (ej (*), e m (*)) 

e'j (s) 6 / < m — 1 J*- 1 1>J^> o jUJI olft 

:J£SJI(2)3S*JI ^bUSUj 

( 4 ) 4 («) = a m . m-l («) «m-l («) + O-m , m+1 («) Cm+l (s) 

••0\ (3) 4/ = m — IcH i>* 

«m. m-l = (e'm (s), e m _i (s)) = — (e' m -i (s), e m (s)) = —am-j, m 
«jj> I — '>j-*j t x t == x, (s) = (e[ (s), e 2 («)) = a 12 

c x 2 a x 2 (*) = ( e ;, «,) ^ f • « (*) Jr- ^ 'J 1 ^ 1 
: jy"Lo ibr Jl J*aJ dUjuj . jJ1 x 3 5 x 3 (s) = (e;, e 4 ) 
<(*) = Xi«z(s), 

e i ( s ) = — ( s ) + «2«3 00 > 



(5) 



e'n-l («) = — «n-l«n-2 (*) + (s) <?n (*), 



^ . i?„ J ^ J? 1 ** s ^ dl 

* 

jp 2, 3, . . . v-L^ 1 «y M L i*^ 1 ^ u ^' 

jWI *bsi^l ^ . *tSJMI Ofj* ^L^ 1 J*" ^ti 1 -^ 1 

.TWilaiJ! JiiP t5 ^>«JH (<i J ') XzS 
SI jLil . : x 2 , . . ., x n _j 0}l»l*«U tJ uil jjd 

e'm (s) = — Xm-iem-i («) + *m<Wl («) 
£UUI Jij Jj^ll :ul~*> U e m (s) Oljji Ol 
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AjWtj (*uJu J E m 'UiiJ! OljjJ ^j) e m-i(s) 

JljjjJI 4ylj) ^1 oljj^JI 11* 4*^ H m J-UII Jii t (£ m 

E m Jj±\ 'Uiill Jljji 4Pjv- <0l Jp x m iJjJI j^i oil 

ci;^! ol* 4 ^-^1 ^../cU JU-I j* \£ .((1)22. 16) 

*LsaJI JM^-I j» J^c- (^^— t_ JLk~> M <0l : Ji>*> .^P ^m+i *UiiJI OjSo 
^mtUiiJi ol* a;< m+1 > (s) = OU^ lil . a*" 1 **) ( s ) £ m 
J ^Xl\ iJuydS ^Jomj t« vj^l ilaUl X* ioJuO o'jJ"* *J 

. iJUJl »— J^JI Oli OULi'iM t^Li* .82.16 
^Uai J «i, • • ., a n UUJt « J JaJtiJl elJcU ^Lfrf' 
j iJ^P <GI i [a 4 , . . ., a n ] _j «-IjJ-I Iji t^jjiil 
lil . 3*Jt^l a jjb J* L£jj ^jJI t « Ji*Jl tojj>-jJI j»^>- 
Ju.Uk ^-U t j^J> aJ^Ju fli, . . ., a n jP ^ 

^JJI n JjjJI Jv*JLI ^jL-i la u . . ., a J ^J^' O^i ^Ueuj 
. [ 47. 8t 14 ] i j^JI ^ OUIJ^I ^ <o\U*t JS^J 

IjuL J«ju-J . £ s , x ss , . . ., a:< n ) «*u£*AJ JahiJll »tjJ-l 



X»s =...-(- Xnt\ s 



xi n> =.. +4"'^ 
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(1) I*.. ...,4 B) ] = [x, *< n >]*. 1+ ---+» 

a;, = e lt 
a:.* = x t e 2 , 

Xats — • . . + («1«2)» = • • • + 



: JiLf JS^u L,jJ .iiuUI JL-N! J 

( 2 )[*.,... , 4 n> ] = xf^r 2 . . . [ei e n ] = xjWxJ- • . . x n _ t 

rSljUll J-^* (2) XJjUx 
n(n+l) 

( 3 ) xr'xr 2 . . . = . . . , x{-)j ~ ~ {xu ■■■' Xt ] 

n(n+l) 

1**1 2 

J* I t>» • *i. • • M *n-2 V**^ X n-1 p—J J>M 

: jji-i n = 2 

(4) 

^j-J (4) JujJ-l jji-jjl jl £»l jjl . 32. 16 jji-i j* -k~jl jJuj ^ JJI 
J [a; t , a; tt ) <L»£JI jSLc Uju* t ilr*""* j ^' 'iN*' 

* 

*h ={x M x kn ) (k = 1, . . ., m) 

.[37. 8c 14] *» iti^loLJIj^l 
: Ji^l Jp ( 3 ) jji-jjl li> U> ^ 1 ra > 2. iJU- J 

n-2 n-3 *{ B ~ 1) 1 
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(O 



XjX 2 . . . X n _j 



_ l*t x ( t n) ] i 





: J* J-^i 



XiX 2 . . . x„_ 2 = 



[x t , x< "-»] 
[**, .... *! 



[x u .... i< n -i)]2 I z t | 
LiJll) (»— 1) JjJI o^sr-jJI t^jljl* ^liJjl J* (*<,.. ., 

.jl»J1 ^^Wl *LsdAJI J ujjJb- »Ujil d^>*J . JLo 

:^Ub(5. 16 rj JI) Uj> 





A 1 ■ 




T| 




ft* 














5.16^ jJi 



x (t) = {a cos a sin i 



= { — asint, acost, b), \x t \ = Va^+b T , 
= a cos *, - a sin t, 0}, (x t , x H ) = 0, 

if, — acost, 0}, [*,, x„ f x ttt ] = a*b 




= Ol ( 4 ) jjs-jl J. ^ 

- _ I a » I « 

: Jl ( 3 ) jji-jjl J| ^kJb I 
a?b b 



K«)t a = ^ Xf ' 



1**1 



'(,,2+1,2)3' *2 — fl3 + fca 
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. ^ytjJaJl ^Lo^lJ^Ul 3 16 § 
-3-*!>UI 5 -ijj-l oUI oaJI 71. 16 ^J> L_i . 13. 16 



lUi^l l|J £\ IUU-1 J a; = x (t) Jx^UEi cz E 2 <=:. . cz E n 

Uai- &2i^ ^ a;' (<) X< n > (t) itiVI C^~*\ lil 

(Ua£- SJiiw. a:' (t), . . ., x*"" 1 ' (t) * "Asa, Xs- 

E n _i »UuJI *lk ^s- J\ Jp Jj>-j-« E n *Uai!l oL» 

. «„.(/) £U£JI ^ ljj ytfl dUoTj UIjw x„ (0 Sj^SJl jiiA; 

*'(«), . . ., x<"» (1) o^Sj Uxp) (7) J 7^ t ilfji 
T) tst Jij ilfJI Jl JliJVt ol <u£! (Lki. ^ 

£U£JI J_pO aJxp t ( 6. 16 ^jjl ) t y>x^ (JUa*;! ikSJ t ^ 

flil Jp ^Jlk^a; .ALU* Jl ikiiJi ej^ jj^ll oUJ <? 2 (*) 

>-aU A,jL^ l^*J £±y »i (0. • • x» (0 



. 72. 16 oIjUp! £. 

iJjUJLL Li yu> Ipiu^ ( jSU . JLb . 23. 16 

( 1 ) ? (*)' = x + tx t 

(2) x " (t) — j x'(t) ^^rOKO^gSii 

ft 
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. ( i'(«)¥=0 j) U»> CfAfc-* x" (/) j x' (t) 
J 5 ^ J* v^i (*) (*) = o ^ (/>■ j (0 

• (*) <4 x " (*) J x ' (*) t 5 *J»- « A* 
lit :t 5 - 16. 12 J cJll LJiJI btf IpUcS («) 

jjk t IjJ^Ijj (t^-f^ Oli jAyail I2jlk« ^Ij Jit* 6^ 

. | | = n xi -* *J >y . *' (*) ^ ^Ui JSU JU.I 

^ Uji giUI ) J*M 5Jlo»- j SUiyfj *' (*) = x, aJ aUU aiUI^c 

: (J _ 16. 12 Aj^iaJI 

* ( s ) = *o + 

JJUi'L I4J gfJt 2JU-I ^ j l-UiJ jtTl 5JU- dill* . 33. 16 

*' W, • • * (n+1 > (0 , <_^| jLi JhJtj *' (0, x" (t) 

oWLrfLVt JS* IjlS'j x n (jf) ol» 6il . Ua»- 2Jiu~. ^ 

aJJI ^ ba^l 6^" lit : A^JIS iL-iUJI 2UiiJI jl CJUJ ~<a±j£a SJI^LI 

.» 

x' (t), . . ., x^^ 1 ' (t) 61 j& ^ 

( 1 ) «("+« (/) = a (f) *'(*) + 1- an-, (t) «<»> (*) 

Ua>- ii£x~* ^jiJ .r' (/), . . M ^) AaJLMI 6^ ,j^>>j 

a* ( t ) 0*>l.UI 61 C>UI oil ^ . < t < '6 JUdl JS" 

«-» ^ i J*aJ^ • a;< n+1) (/) jl j*i-l 3j>*£ S ( 1 ) J 

£jVs[*a iLar J*a* x< n > (/) t . . . 1 x ' J UJL ( 1 )SljLJll 
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(t) t . x ' (t)) = a (<) (a*, *»)+••• + «n-i (*) 

(x(«+D (0, *t»> («)) = «o (0 (*>, *{ n> ) + • • . + (0 (4 n) , *J">) 
A..JL* oUljis^S") oj,«."....,4 aJUJ-I »1a o^UU> JS" jj 

aJuJ- ( Gramm ) ^1 ^i- oL<aj ^ l^ u *.* Ul ; (S j^: — « 

(Cramer) y\£ ^L-j . [17. 8tl4] Ua>- ^LiLw« a*£I 

Jp Sj—^u-. Jj-U-t jl fl oW. • • •» a n-i (0 J>iJ-l-j 3-SLcd\ 

• [a, b] 

5JjU*JU # (/) Js- 56. 13 J-Aftj 
( 2 ) y<«> (0 = Co (t) y(t)+...+ («) j,<«- D W 
:JU^I jJjil ^*>l .UuJl Jl t 66. 13 

i #o = x' (a) li* . y = y (a), • . ., y n -t = y f"- 1 ) (a) 
( 2) AJiUd! JS* x' (/) ^UiJI gfcjl jl Lc . = x<"> . . . 
5JI^I J»j >iHj ( x' (t) = y (/) >d^cJI JUy ( 1): JmJ ^Jl ) 
^jf I *U*JI J c 66. 13 JL, x' (/) ^UUI jli 1 I4JI jUIl 

^ t £ <>> a* x' (a), ...,*<»> ( a ) hH.^\ ^ jJ^I 

x(f) = x(a)+ J x'(|)d? C 

a 

.x(a) AkSJU jUI Jl^aII ^jsJL! Jl tela,b] J»-l ^ 

: 5JUI aj >JI UsJl Six, . J^il *UkU ^ jl jk\ 

a^j^ ■ H d>J^* J tr^- 4 Z ={x = x (t)} j^ • 

2 — *r>llj l__iii- a— x' (t), . . . x<">(*) 4-*AV» jl 

d*" cK 1 j* ' a;' (0, • ■ • x (n+1 > (<) 

AkSJL jlll Juuall <^jiJU Jl L ( ^ 5> «^l j.^*^ . t g [a, 6] 

x' (a), . . ., a;< n ' (a) iti^L ci^llj x (a) 
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ji^att llLlk* L ij**^ x 2 (t) ►Ijil'ill lil tis*l»- 

iyuJaJl O^Ull . 4. 16 § 

JS" luSLc .^jA-JaJI *ia-- j s j L>Oi /, ^^SU .14.16 

: sJ a^oUL*^! 
x t = x t (s), x 2 = x 2 (s), . . ., < s < s 

. 13. 16 J aji J:>U^I i^i oub^i ^ ia«L jJLj 

Xm ( s ) J_r oLi H *L^aJI J (oLiL-JL! J_& h «:< 

J'r' i>* W*"^ cs* lsV-> 4 <*L~iL Uli m = 1, 2, ... 
ibu'ill Oli oU»«JL! J>-l ^ iJli ij-SUJI JuaSJI jl C-iJ . Z 

LI 



- 



oUL_^l c^Jl—T lit .Sj-^ n JLJiii^J 5_JLUS a-^L^ 

AAjUait SJ^IjU i^SjJ <L>-j^J X t («), . . ., X„_! (s) 



i 

j L ^^^JUJJ (ytJaJI (j-L-^H • • «„'(«) j£J . jla^JI 

Zj ^L&i ~e, (0), . . ., 7„ (0) JIJ^NI 

; L J ^yu-kJI ^-UAJ e , (0), . . ., e n (0) ^'1^1 ^1 JI 

• e»(0) £r*i (°) ■> 4 e i (0) *i(0) ol si* 

. L JI Z" J^st #n *UuU Ji^JI lju» JI 

J^-j-i .LJ>j-i x 4 (s), . . ., x n _! (s) gljsW 61 
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:*U*JJ Ju^j J>- 4 36. 13 <ijc£)\ 

^ f ;(*)=- X, (*) if, (5) + X 2 (,) y, ( S ), 

(2) fi(0)=^(0) , y n (0)=e n (0) 




'< ^ Ol (5)72. 16 ^ » ^1 » j ^ 4 ^ ;j ^ 

J-*) £ (»), • («) JjlTj (,), ...,*„(,) 

«t (s) = e t (s), . . . , e„ (s) = e n (s) 

. 36. 13 AjjiaJ! t >- IJub _j 

ui-^J a: (s) —> j L Joi «J-*aJ x = z (*) _j j> y 

Qui ^ L j L ^w>wJL! 61 U .(Wj! Juo) I >i 

* W = * (0) + j 7 t (Q d£ = x (0) + j (|) * « * (s) 

*1 = X, (S), . . = X n _, ( S ) 

*UwJt J L ^^dl \^\ Uj US" s l y>«y» O^WI 

. »UiiJI tjA i£>*jjdt jjla*- Ji_^ ji-^ '-^J n t£^> 
olk*Xl oULi^l Oli> oL^II . 14. 16 

<Pn-l (S) > ' • • • I <Pi (S) > U ^ • 3 Jj— & • I 

n—i (0 ^ s < s ) 
*S n JUiftMl J-L fi, j U x = x (s) ^Uui 

5JjL*il J>j^i\ LczR n (X i*cX\ jL^Lj t <p h ( S ) J-Jii 
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<Pi ( s ) = *i (*). ■ ■ •» <Pn-i («) = («) 



ol 4^1) j-iiL-^ *Jl j-Jj— A(i) 
.( a /ft (f)= — c fcJ (0 : Jljul juw l^jlit ^ -4(0 = ||flj*( 
J lijAd\ <jt ^) SjJuI^u Q' t0 aJU-I o>*ail jl 

Q< io j-83. 13 J Uj.jUjJl 

83. 13 bjj t^>l ^ . Q£ = I ^IJ^Mi ^j^J' <~ 

1 - 

Ql Q, <0 = I 



il * * dot 



dt 1 ' dt 



[ 46. 7 1 14 ] jj. JbyUI Ol^U Jl Jlfci^L 
A'(f)=-A(«) J^l o"^l J**^J 

^ = A( (Q!T 

cT** 1 (&t°)' <^J^ (0 -? « 
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(2) 



.(Qh' = Q*. 

. v y 3 i y> $o ot Oil ( 2) 31 j LI! 



i^UUI o*ital*U SJL^ jl^M jjXjo . >• 
J/i(s) = 9i (s)y2(«), 

^ 3 ^ («) = - <Pi (*) yi (*) + <p 2 («) y a (*), 

yn(s)= — 9n-l(*)yn-l (*) 

y, (0) = e it . . ., y„ (0) = c n 



> 



JlC ^1 iTi («), . . ., y n (s) i-*UUI gl^JI jl J* 
gly (36. 13 S^kJI /? n J JJ-I I Jl* ) ( 3 ) <U>JU 

• « 6 10, s J J*" cH t>* ^k^J 
iL^JJ JU-I II ©y* (s) || «jA**ll ji «-» 3S>Ji <V Jus* 

:jl £?*t ceJuUu (3) 

j=i p w I pour ; ^ p 

(s) = S a # ( s ) e " (* = 1, . * . , n) 

1 pour j — p 
pour / ^ p 



(yy (*). f p («)) = 2 o,- ft («) top* (*) = I q 



346 



www.alkottob.com 



[0, sol J 



:ot U . n J «JI B n *' ^1 j L u—^ J* J— ^ 

■ 

f . L ^5^11 u-y J> >» s Jbj-jJI I x' (s) I = I y, ( S ) | = 1 
J^-l i-JUi.j Sx.Ui, ft (s), . . ., y m ( S ) a*^^\ o\ 
S—PilJ-, Ua>- *< m > («) = (,) v^SJj ii»=*1, 2 R 

J* 1 ** oi ,wi ^ ( 3) i ^ ^iiij yi (,), . . ., y m (,) 

5— Op JLiJUj i( <Pm-l («)' ^jL— j) V-^J-^ f m (*) 

cH Z 4/^' o- 1 -^ 1 ^ t?* yi ■ • y» («) 

(5)72.16 ^ jJL-a bjJ J\ . , JT 

ft (s) = Xj (s) j/2 (s) : ^Jfi 

y't (*) = — Xi («) ft (s) + x 2 (s) y 3 (s) 

y'n-i (*) = : — Xn-1 («) Jfn (*) 

: Oli%JI Jt Jl Jp jiJ ( 3 ) Cj^jUIL ^JLjJI e JUb <J jlic 

<Pl («) = «1 (S), <P2 (*) = *2 («), . . ., (p„_! (s) = X n _, (S) 

OUjjii-l . 5. 16 § 

. oL' A3W\id\ JT LLyJ OjjU-l . Jujju . 1 . 15. 16 

piiJll OUL^I) Js^l lift <ui jiji. ^SiJll jl ^JJI J* . w» 
RUJai Jl*> SjSb ol (42.16) tfjiJN J Uj . ( 

Io£aj .ojjCU ^ aJUJI l^Ul^il Ul i x = \ir i^jlwj Cut? 

jCju 4 X > OjU-\ \jy*~A Z, jlS' lil . t£ jiJU j ji-l 
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. % C«jU »L*I U;l U jjlji? = 1/xU >i ci-^J jJI <? SjJIjJI -ujLs: 
t <? SyljJI JjUoj L J**A\ J**- i^ia'"'.'' lijl 14. 16 k^^aJI <y qui. 



(1) 



x t = a cos t, x t — a sin f , x, = bt 



ik-l^ 6L~ai jbtf »l>Jlj »U*I i82. 16 ^ ijj ^ t*J 



(2) 



OUjjl>- Ju»-y *il <0l C-JtJ . LjL^hJ |»j4*X OjjA»- ^ ul» JtJ^J 

iSj & Jf-J 1 (/ i x 2 j *i b j a <jd*~*jfr qj*ij (2) ^ 

:0t 



*1 



xf + *i ' "~ x?-, „, 

. ^ _^klly» j t i? 3 *UuJI J WjL I Ju* j ( 1 ) OjjUU U-Uw 
>* # n OjjJb- . n »Jwu *Lai J oUj^U-t vl^wJ .25.16 
3_^U x, («) = x„ . . ., v-i W = 4-!l»b*l 
: (5)72. 16 O^aU* ibr e t (*), • • - ft. W Ja^ . <*J*^ 



(3) 



(s)=x 1 e 2 (s), 

— (s) + x 2 e 3 (s), 



«n-i ( s ) = -X7i-2«n-2 (s) +x„_ie„ (s), 
e i( s )=-Xn-l<n-lW 

: ioU Si ji^' O^LiUXI *i y ugjt <j\ |Jl*JI 

xi 
— xi x, 

— x n _i 
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s*>& olj* jiJOJt >JU1 ^Jxi^ . K.*MjLA\ v> v 



:5i>*aU J* 1*X* Jvaai * x, ^*JI ot^st ^jdJI 



xs 
— X3 x 4 



X„_j X n _! 



W.0 n = 2m ol^ Ol :i^Jt»-l Jci 2LU*JI sift *L^\j£ 

• 2m = re — 1 i£j\~J Jj'bfl 
^-LJ R n *UaAJI J JL*-^; t L>-jj n = 2m olS" li[ .[64.9.14] 



K*i = K* 2 = Tjyj = x m y m 

K yi =— r,*,, Kj, s = -t 2 x s K Vm = ~ XmXm 



<~L.\ £Ui n = 2m + 1 J*-l Ju;-^ 
K*n =0 



(4) 



ui («)=X 1 Ii 2 (»), 

uj (*) = — xiuj («) + x»it 8 (*), 



«*n(*)= — Xn-I»n-1 (»)• 
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5*iVI »Ji*j t Ua*- L*A*£ n iJUJ-l ol* JJtf 

- 41. 13 j) ^ _ 41. 13 J*kA, . e < K JU-I jj^ll 

cos tii —sin rtj ... 
sintTi cos tii ••• 



JK. 



... COStTm — sinfT m 
... sintr m cos ti m 



(5) 



*y=(*/i, yj^iyju j/m). 
*/ (»)=tai (»), ...,*,„ (.)), w («) w „ W)j 

;' = 1, n, 
z n = (z nl , ...,Zn„), z„ (s) = (z nl (s), ...,z nn (s)) 

:(i - 58. 13j) >■ - 51. 13 ^JL-jJI JojH Xx* 

^ft(*)=cosTjs.iy fe + sint 7 s.^ ft , (* = 1, n, ; = 1, m) 

fife (*) = — sin tjs ■ xj k + cos t/« • , 

2nfe(s) = Znft (n = 2m + l) 

U jl j£x ( 3 ) Ai^Ji ^ W, ...,,„ w j~^l j&J 

«/ (*) = ( e j'l (»)• • • •' «jn (*)) 

(4) iUi- 1 (/ = i n) e . p (f) gljdl Ji£ pj^l^ 

^MjC^li^l J«i jl JJ.I Jp J,Ji»J 

e ll(0)=x ii , .... « nl (0) = x ln , 

«i«(0) = y 1 i en 2 (0)=yi„, 

«i3(0) = x 2l , e n3 (0) = z 2n , 
«i«(0) = y 2 i, .... * n4 (0)=y 2n , 



«ln(0) = «Bi «nn(0) = z nn (re = 2m + l) 

d>JJj** J*^ >*J ) i~jliS^J S-J^UU e, (0), . . ., ?n (0) JuJiMI jl 

aL#j L.jJ .(>- _ 24.16 t 4jW\i*.\ AijK* UftkJl ^y^o. 

«1 (*) = («n (*). ....em (s)) = (xn (s), » (1 (s), x 2l (s), !/ 2l (s) (z nl (s))) = 

= (cosT 1 s.x 11 +sinT 1 «.y 11 , — sinx 1 s.x 11 + cos Tjs.yj,, ...,(z nl )) 
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• „ = 2« + l >1 ^1 V*JI ^ ,i 

, / sin T t s cos t 4 s cos t!« sin %<s \ 

. . r (s) = (4 t cos r t (s— ji), sin xi (s — s 4 ), 

^ ' 4 2 cost 2 (s — s 2 ), A 2 sinx 2 {s — s z ), (C n $)) 

*l+*l+*i+*l + .-.+*J«- I +^»,=i*H-i*|+...+48, 

*2m+i OlJIj^l J! 4^1. j4i.ibjJ4# ^ (6) 

^nJSJ jr>^ aU^I Oli oULiiJI J oUjjU-l .35.16 

4>* '4/*-^ &n <4 t -s^ 1 -J*^' ^' *<4^. 

<Jl 4^,^11 IJub Jp p tf ilaijj (jJuail) a oUm* ^uU JT J^l 

IIaj A-ju JI Z, (j^cJLI Jjjl (Jelzj Jti) »LviAJL) iVIjl J^-y 

Lc 4 oJjc^ . p ikUl Jl 4 ikUl Ji_poj 1*^1 ^ oUL Jilii^L 
x* l J**AS ott SiLiL Jail* »UaJL) iVljl Jl 

JUL, 4oU £, ^^^uJU ol.tai^l JS" jli Sji-T p SJaiJI jl br 
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(jUUij £w jj) R n tlsAftU Ap-ljl 14. 16 J-AAj i J ^^k*- 4 

. Pi±\ A "JaiJ 1 

jSLt £, <0t t O jjJL>JU JliJL>- <~Hj*J Jl J-*^' ^J^i 

1 

J^HJ J'Uiil 5JblS Jul l ja cJki V ^cJI IJuk jl -Ji»-!siu" 

• ( 2 

Lib AAjUai* uL»h< Jj>- jJ AjI ^ *Uii J 

J Uli JjliaX* Jli* ,J* L* js<a.'-a-'' .^Ijf Oj-^ Lj^>J t« 

H 2 (0, oo) j?^ • ( « WienerjLi ^Jji » ) Jb. 

< t < oo pft. " > » JLI t-iwaj ^ Jai- l ' o 3JLJLA-I * ( T ) ^1 ^Jl 
II* .( *(t)) ^UL [0,a] J 1 ^ ' JfJ' 

: juLojJI |tt»*'»j *t J^r <-LoaJI 

^W' f (*)) = j !(T)}(T)iT, 

o 

oo 



to; oo).9» JS" ^ jc*; ju Jp ^si^ji j l^j 

(» «*-.<..*-{} j; 9 <j<'. 

*UuJI J z(t) ikiJI ol* oo Jl o ^ t ^yj Ijj 
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LJ ^JLI Ijjfc <j[ . jUJ cJ ji u+~->_ L H, (0, oo) 

:^( f UfcJU) 



\Z(t)-Z(t)\\* = \ V.dx 



= \t-t\. 



Jl- — to I j^aUe- ijS*} . LJli J— ,k"« ^ ^-'-^'.ll ij\ 
J» yX\ A*Ju J H 2 (0, oo) tUaill {j* u Ji_pcJ' jOu . 



•J 



o <; oo 



x (x) -+ Ux (x) = z (t B , x) + x (x - t ) : jy^jil 

|| £fa (T) - tf„ (T) |p = || , (T- t ) - y (X- t ) |p = 

OO OO 

= j I* <*~ *o) - - <0)] 2 (T) _ J, (T)J2 rf T = || X (X) _ J, ( T ) f|« 

to 

Jy» . H» (0, oo) *UaiJl jA-s> ^j^^Uil Z (0) jJuaii ikSJ JjUsj 
Z(t) JT oi . Z« ) iiaAJ Jl ik&JI oJla £/■ Ji^*^ 1 

. (j^dl (j-uJ i-wdll Z (t + U) <la2jl «JI ikJ z 

. Uli JjUai* L ^j^II Oi* Oil 
dl3i H,(0, oo) .UiiJl J J£4> <J ^ z(t) ^UJI oNI £~~i 



(2) Z(t + h)-Z{t) m t(x,t + h)-t(x,t) 

h h 



i/h -Sj x i It, t + k] ck 1 U* ~! J 1 *^ 1 T -} 
(2) JL-JI i/Vh j* ^UiJi lOA ^ . xelt,t + h ) >i 
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@{t + h)-Z(t), Z(, + k)-Z(s))= ! ^ 

oo 

= | [z(t + h, i) — i(t, i)][z(s+k, t) — z (s, T)]rfT=»0 

. j£ (s,s + k) J (t,t + h) <j£}\s*l\ d& j[ I 

- 

— >■ oUL^t LSo; »-^«> J2> ty^*^ 

. ibL' oUh^l oAa JS' J^-t ouJaj Jl>v... SatuU Uop-1 
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J* 5;jl>u tAJLoJI oIa ik-l^j jdbliu Odai; X* O^uJ^' i^-"^ 1 
OUlj^l ( / = 1. 2, . . ., n - i ) K p t x y, ^^^J . J| jlJI 

X (S) x «) • • • = ^ 

i t^jvwl jfld ( m judl *UuJI J ) Sm J**!*U S j^JI ^k- . 4 
I/OJIP £JUI 5*^1, .J j*U m + 1 JaJI *UuJI J'S jSJl ^k- jA 

(j^ajl^ ^ ( m JuJI iUAJI J) o jSUl ~kJ r?n Ja&S 

t = 0, t 4 t 2 . . . t*,.,^ ... : ^_£J . ( j j-JLu ^jJ^wU » ) . 5 
ji C-JI i < € 10, 1) J^J 2 j J\ y J£±U J^ii\ 
y (t) = 0, M 4 .. • • ■ • ■ 3 x = °. Ms • • • <*,-}.... lA*^ 1 

ft * 

^ is*ill jl C . [ 1,0 ] JI — >*il Jp Ij — *z~a lj £ JLC 

■ 

i < x < 1 ^ fjW J»l— ^ J— So r (t) = {* (t), y (*)} 

. < y < 1 
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oL^jJII hJiJ c^aUl ol* .uJ jysi\ *UaJI ^ ^ 

t (l852) i^ij (1851) (Serret) cj> C~ia*l 

.( 1874) I^aj n <£i *Uai ill?- Jl O^iUil olft p+jcj objj*- 
V— *- L ' • vR» J OUj>U.| ( 1930) (Forsythe) d. — 

X^Cs-LTj^J! ji) Wj^JI oULSUli J^l jU 

^V"' J^ 4 ^t^l y>l^iaJI (j^u uAvaj ^j) no^iiJU OlJuljiU 
j [17] JLJI lju» J ^Ij iJJl^JJ "oJjd\ aT>Ij Ij^jjJI 

oU^J oji t jU-i Ji* U j^ap *\Js- jiS JuOaJI ^-ji . ( [ 7 ] 
o — dj — Z .{ tKolmogorov — t(Von Neumann) 
J^JI *-*Jjj*Aj£ .oL^ill oii XiJbsi oUli- (M.KsQol 
ol oLi^l JJii ^.jT Ul t JjJLUI »ULJI J Uj j,lku ^Jl j^UJl 

\£ t ^UlS'j LJli LLlku Li?*i* J^A; ^r**i ^ -A » 
. 1943 _ 1939 Olv-JI , 
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. 12 J^iJI 

.(►aw j^i(u'j.(i,jcdU.I J-^.vljfLl 

iJUi* ^j-air >»-l .(8 ' 2 J**^') j*^' S y 

jLj x (<) e i?« (o, oo) UjIj ( "i < "2 < • . . ) £^JI I 1a ,y 

J -1 J0<x<l/2 J 1 Ai»J CJl£J UjU Jw>-j jj .SjLi .3 

. 1/2 < i < 1 

. 14. 12 ^yJUl »ljuf t (*, y) jl OlJI t^aft .SjLil . 4 

J* o^T^ 1 t^j'j^ 4Si»jiH jJ» t -» - K 12 Um «y>«a*T 

t y + z 4 1 x — z <t y I x + z X*iSll J* SliiU «^>" OLjl ji* 
a bjLP 4jljJl j jCPl I »• - 14. 12 < JU II ^ y&S; .it y — z 4 x 

JiJ . j p(z)dz==0 J>£ V-*- ^ • S -> Lil 5 

,2,=1 .il^JI J! JlfcJNI x» UlS oljLJLI 

^l" jl Cji . i p = [] {* £<?:/(*) = ()} • S J Lil 6 

01 I? . / J' W*^ 1 j'jft f * (*) e R'(Q) 
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